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
3UHIDFH
7KLVZRUNKDVPDLQO\ EHHQ FDUULHG RXW DW WKH'HSDUWPHQW RI0DWHULDO
6FLHQFH DQG 7HFKQRORJ\ DW WKH 1RUZHJLDQ 8QLYHUVLW\ RI 6FLHQFH DQG
7HFKQRORJ\ 1718 DQG DW (ONHP 6LOLFRQ 0DWHULDOV 7URQGKHLP
([SHULPHQWVKDYHDOVREHHQSHUIRUPHGDWWZR(ONHPSODQWVDQGDWWKH
3LORWIDFLOLWLHVRI(ONHP7HFKQRORJ\LQ.ULVWLDQVDQG7KHZRUNLVSDUWRI
DQ LQGXVWULDO 3K' IXQGHG E\ WKH 5HVHDUFK &RXQFLO RI 1RUZD\ DQG
(ONHP6LOLFRQ0DWHULDOV 6RPHH[SHULPHQWVKDYHDOVREHHQVXSSRUWHG
E\ WKH .0% SURMHFW 520$5DZ PDWHULDO 2SWLPL]DWLRQ DQG HQHUJ\
UHFRYHU\LQWKH0$WHULDOVLQGXVWU\DQGH&$67(QHUJ\DQGFRVWHIIHFWLYH
FDVWLQJ RI IHUURDOOR\V H&$67 LV IXQGHG E\ WKH 5HVHDUFK &RXQFLO RI
1RUZD\DQG7KH1RUZHJLDQ)HUURDOOR\3URGXFHUV5HVHDUFK$VVRFLDWLRQ
)))
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$FNQRZOHGJHPHQWV
Y

$FNQRZOHGJHPHQWV
, ZRXOG OLNH WR H[SUHVV D KXJH JUDWLWXGH WR P\ VXSHUYLVRU 3URIHVVRU
+DOYDUG7YHLWZKRKDVJXLGHGPHWKURXJKP\\HDUVDVD3K'VWXGHQW
7KHSURJUHVVGXULQJWKH ODVW\HDURIP\3K'ZRXOGQRWKDYHEHHQWKH
VDPHZLWKRXWWKHPHHWLQJVWRJHWKHUZLWK+DOYDUG7YHLWDQG.MHOO+nNRQ
%HUJHW(ONHP6LOLFRQ0DWHULDOVWKDWKDYHPRWLYDWHGPHDQGLQFUHDVHG
P\XQGHUVWDQGLQJRIWKHLQGXVWULDOVROLGLILFDWLRQSURFHVV

, ZRXOG OLNH WR WKDQN P\ FRVXSHUYLVRU 3URIHVVRU 0HUHWH 7DQJVWDG
'HSDUWPHQW RI0DWHULDO 6FLHQFH DQG 7HFKQRORJ\ 1718 HVSHFLDOO\ IRU
LQFOXGLQJ PH LQ WKH 6L0DQ7L JURXS ,W KDV EHHQ DQ LPSRUWDQW VRFLDO
DUHQDDQGKDVOHIWPHZLWKIULHQGVVXFKDV0DUL,GD0DULW'HOSKLQH
6WHSKHQ DQG /DLOD , DP DOVR JUDWHIXO WR 3URIHVVRU /DUV $UQEHUJ
'HSDUWPHQW RI 0DWHULDO 6FLHQFH DQG 7HFKQRORJ\ 1718 IRU LQFOXGLQJ
PHDVDPHPEHURIKLV6ROLGLILFDWLRQJURXS

,KDYHEHHQIRUWXQDWHDQGKDGDORWRIVXSSRUWGXULQJP\H[SHULPHQWDO
ZRUN DQG WKHUH DUH VHYHUDO SHRSOH WKDW , ZRXOG OLNH WR PHQWLRQ 7KH
LQGXVWULDOH[SHULPHQWVFRXOGQRWKDYHEHHQSHUIRUPHGZLWKRXWWKHKHOS
RIWKHVWDIIDWWKHSODQWV,ZRXOGOLNHWRWKDQN.MDUWDQ0\NOHEXVW(OLQ
6WXEKDXJ*DEULHO2VVHQNDPS%HQWH)DDQHV7LQH(LNHYLN2OH-¡UJHQ
VWHQVHQ +DOOJHLU 2SKDXJ DQG /HLI .ULVWLDQVHQ IRU DOO WKHLU KHOS $W
(ONHP7HFKQRORJ\ LQ.ULVWLDQVDQG,ZDQW WR WKDQN.DUO)RUZDOG7HUMH
+DQVHQ 6WHSKHQ /HLWH )UDQN 6LPRQVHQ 6LJXUG 6LPRQVHQ 5RQQ\
1LOVHQ 7DUMHL 1RUGE¡H +HOJH 0DWKLVHQ $QQH *UHWH )RUZDOG .DWH
6NDUSHLG %HQWH .URND 3nO %DJJHWXQ 6WHLQ $UQH )RVV $QGHUV +RSH
$PXQGVHQ 5RJHU 6DQGYLN $VWULG 6WRUHVXQG $QHWWH 7RYHU¡G +HJH
7HLVUXGDQG.MHOO%ODQGKRO,QJYLOO9LNDQ0\KUHDQG(UQD/HFRDW(ONHP
7KDPVKDYQIRUVTXHH]LQJP\VDPSOHVLQWRWKHLUDOUHDG\EXV\VFKHGXOHV
)URP1718'HOSKLQH /HUR\ IRU IDFLOLWDWLQJP\ H[SHULPHQWV <LQJD<X
IRU KHOS ZLWK WKH 6(0 DQG 0RUWHQ 5DDQHV IRU DOO WKH ZRUN ZLWK WKH
PLFURSUREH DQDO\VLV $W WKH 'HSDUWPHQW RI *HRORJ\ DQG 0LQHUDO
5HVRXUFHV (QJLQHHULQJ 1718 , ZRXOG OLNH WR WKDQN $UYLG 5HLQ (ULN
/DUVHQDQG2GG&RUQHOLXVVHQ)URP6,17()0DWHULDOVDQG&KHPLVWU\,
ZRXOG OLNH WR WKDQN 2YH 'DUHOO 7RQH $Q]M¡Q 6DULQD %DR 6YHQG
*UnGDKO (GLWK 7KRPDVVHQ DQG :LOKHOP 'DOO $OVR 0DUWLQ 6\YHUWVHQ
DQG+DOYRU'DODNHUIRUKHOSLQJPHZLWKWKH&\EHUVWDUH[SHULPHQW7KH
SURMHFWOHDGHUVRIWKH520$DQGH&$67SURMHFWV(OL5LQJGDOHQ0RUWHQ
$FNQRZOHGJHPHQWV
YL

2QV¡LHQ DQG)UHGG\6\YHUWVHQKDYH EHHQ YHU\ KHOSIXO  )URP6,17()
%XLOGLQJ DQG ,QIUDVWUXFWXUH , ZDQW WR WKDQN .QXW /HUYLN DQG 5RJHU
/HLVWDG ,ZRXOG OLNHWRWKDQN(LQDU$QGHUVHQ(ONHP7HFKQRORJ\DQG
3URIHVVRU2WWR/RKQH'HSDUWPHQWRI0DWHULDO6FLHQFHDQG7HFKQRORJ\
1718ZKRERWKWLSSHGPHLQWKHGLUHFWLRQWR LQYHVWLJDWHVROLGLILFDWLRQ
OD\HUV LQ PRUH GHWDLO , DP DOVR JUDWHIXO WR 6WHZDUW &ODUN LQ WKH
DGPLQLVWUDWLRQRI1718IRUKLVDVVLVWDQFHZLWKWKHHGLWLQJRIWKLVWKHVLV
,DOVRZDQWWRWKDQNWKRVHZKRKDYHEHHQP\(ONHPFROOHDJXHVDW1718
GXULQJ WKLV ZRUN 9LNWRU 0\UYnJQHV -LUDQJ &XL (GLQ 0\UKDXJ 1LOV
(LYLQG.DPIMRUG2OH6YHLQ.OHYDQ.XUW$DVO\DQG9HJDU$QGHUVHQIRU
WKHLUVXSSRUWDQGWKHJRRGGLVFXVVLRQVZHKDYHKDG*UHDWFROOHDJXHV
KDYHEHHQLPSRUWDQWLQRUGHUWRPDLQWDLQP\PRWLYDWLRQ

$PRQJP\QRQPDWHULDO VFLHQFH IULHQGV ,ZRXOG OLNH WR WKDQN/LVH IRU
DOZD\VEHLQJWKHUHGXULQJP\.ULVWLDQVDQGYLVLWV$QGRIIFRXUVH6WLQD
WKH \HDUV EDFN LQ 7URQGKHLPZRXOG QRW KDYH EHHQ WKH VDPH ZLWKRXW
´6WLQDDQG0DULDTXDOLW\WLPHµ

,ZRXOGOLNHWRWKDQN1LOV,QJHDQG+HOJDIRUPDNLQJPHIHHODSSUHFLDWHG
DQGZHOFRPHLQWKHLUKRPH,ZRXOGDOVROLNHWRWKDQNP\DXQWDQGP\
EURWKHU , YDOXH WKH FORVH UHODWLRQVKLS WKDW ZH KDYH , ZDQW WR JLYH D
VSHFLDOWKDQNVWRP\PRWKHU,DGPLUH\RXUVWUHQJWKDQGWKHNLQGQHVV
\RXVKDUHZLWKWKHSHRSOHDURXQG\RX

)LQDOO\,ZDQWWRWKDQN6WLDQ,WKDVEHHQHDV\WRZULWHDQGEHIRFXVHG
KDYLQJ\RXDVDJRRG´GLVWUDFWLRQµLQDQRWKHUZLVHPRQRWRQHGDLO\OLIH
7KDQN\RXIRUDOO\RXUSDWLHQFHDQGVXSSRUW
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$EVWUDFW
YLL

$EVWUDFW
6LOLFRQ RI SXULW\  WR a ZW  ZDV FDVW DW GLIIHUHQW FRROLQJ
FRQGLWLRQV7KHWHPSHUDWXUHUHFRUGLQJVIURPWKHH[SHULPHQWVZHUHXVHG
WR YDOLGDWH D KHDW WUDQVIHU PRGHO RI WKH VROLGLILFDWLRQ 7KH PRGHO
WKHUPDO KLVWRU\ DQG H[SHULPHQWDO REVHUYDWLRQV ZHUH XWLOL]HG WR
GHWHUPLQHWKHIDFWRUVWKDWKDGWKHODUJHVWLPSDFWRQWKHFDVWSURGXFW

7KUHH H[SHULPHQWV ZHUH SHUIRUPHG LQ LQGXVWULDO VFDOH ,Q DGGLWLRQ D
GLUHFWLRQDO VROLGLILFDWLRQ H[SHULPHQW DQG FDVWLQJ RQWR D ZDWHU FRROHG
FRSSHU SODWH ZHUH SHUIRUPHG IRU GLIIHUHQW VLOLFRQ JUDGHV LQ RUGHU WR
VWXG\WKHHIIHFWRIFRROLQJUDWH

7KHVHH[SHULPHQWVKDYH LOOXVWUDWHGWKDWVHYHUDO IDFWRUVGHWHUPLQHGWKH
VLOLFRQJUDLQVL]H ,QDGGLWLRQWR WKHZHOONQRZQHIIHFWRIFRROLQJUDWH 
RWKHUIDFWRUVZHUHLQFOXVLRQVSUHVHQWDPRXQWRIDOOR\LQJHOHPHQWVWKH
WHPSHUDWXUHRIWKHPHOWDQGWKHIRUPDWLRQRIVROLGLILFDWLRQOD\HUVGXULQJ
FDVWLQJ 7KH OD\HUV DFWHG DV D EDUULHU WR IXUWKHU JURZWK DQG PD\ EH
PRUH IUHTXHQW LQ LQGXVWULDO FDVWLQJV7KH OD\HUVZHUH LPSRUWDQW WR WKH
RYHUDOOVLOLFRQPDFURDQGPLFURVWUXFWXUH

)RUWKHLQGXVWULDO0*6LH[SHULPHQWLWZDVREVHUYHGWKDWVPDOOVLOLFRQ
JUDLQV ZHUH RIWHQ DFFRPSDQLHG E\ DQ XQHYHQ GLVWULEXWLRQ RI
LQWHUPHWDOOLF SKDVHV ZKLOH ODUJH VLOLFRQ JUDLQV ZHUH IRXQG LQ
FRPELQDWLRQZLWKDPRUHHYHQGLVWULEXWLRQRILQWHUPHWDOOLFSKDVHV7KLV
ZRUN VXSSRUWV WKDW WKH FRROLQJ UDWH DIWHU WKH VROLGLILFDWLRQ RI SULPDU\
VLOLFRQKDGDQHIIHFW RQ WKHVL]HDQG IRUPRI WKH LQWHUPHWDOOLFSKDVHV
7KLV PD\ EH XWLOL]HG LQGXVWULDOO\ WR DFKLHYH D ZDQWHG LQWHUPHWDOOLF
VWUXFWXUH7KHGLVWULEXWLRQRIWKHLQWHUPHWDOOLFSKDVHVDOVRGHSHQGHGRQ
VROLGLILFDWLRQOD\HUVDYDLODEOHVSDFHEHWZHHQWKHVLOLFRQJUDLQVDQGWKH
DPRXQWRIDOOR\LQJHOHPHQWV

$OOWKHLQYHVWLJDWHGFDVWVFRQWDLQHGDYDU\LQJGHJUHHRIVHJUHJDWLRQ7KH
VHJUHJDWLRQSDWWHUQZDVLQJRRGDJUHHPHQWZLWKWKHKHDWWUDQVIHUPRGHO
7KH PRGHO PD\ EH XVHG WR SUHGLFW VHJUHJDWLRQ SDWWHUQV LQ GLIIHUHQW
FDVWLQJPHWKRGV

7KH PDLQ LQWHUPHWDOOLF SKDVHV REVHUYHG LQ WKLV ZRUN ZHUH FRQVLVWHQW
ZLWKIRUPHUZRUNRQWKHVDPHDOOR\V
$EVWUDFW
YLLL

7KH GLVWULEXWLRQ RI WUDFH HOHPHQWV LQ WKH LQWHUPHWDOOLF SKDVHV ZDV
VWXGLHG 0RVW LQWHUPHWDOOLF SKDVHV FRQWDLQHG  WR VHYHUDO KXQGUHG
WLPHV PRUH WUDFH HOHPHQWV WKDQ WKH EXON DQDO\VLV UHIOHFWLQJ WKH ORZ
GLVWULEXWLRQFRHIILFLHQWVRIWKHWUDFHHOHPHQWVLQTXHVWLRQ

$IHZDQDO\VHVRIWKHVLOLFRQPDWUL[LQGLFDWHGWKDWDQLQFUHDVHGFRROLQJ
UDWH VXFK DV LQ WKH FRSSHU SODWH H[SHULPHQWV LQFUHDVHG WKH
LQFRUSRUDWLRQRIDOOR\LQJDQGWUDFHHOHPHQWVLQWRWKHVLOLFRQPDWUL[7KLV
VXJJHVWV WKDW WKH WUDGH RII WR REWDLQ D VPDOOHU JUDLQ VL]H GXH WR DQ
LQFUHDVHGFRROLQJUDWHZDVDOHVVSXUHVLOLFRQPDWUL[

$PDVVEDODQFHZDVGRQHDQG LW LQGLFDWHG WKDWVRPHRI WKH WUDQVLWLRQ
HOHPHQWVZLWKDKLJKGLIIXVLRQFRHIILFLHQWVVXFKDVQLFNHODQGFRSSHU
FRXOGEHIRXQGLQWKHVLOLFRQJUDLQERXQGDULHVDQGPDWUL[GXHWRVROLG
VWDWHGLIIXVLRQ

$QDEUDVLRQ WHVWZDVSHUIRUPHGRQVDPSOHV IURPDOO H[SHULPHQWV)RU
WKH0*6LPDWHULDODZHDNWUHQGZDVVHHQZKHUHDQLQFUHDVHGFRROLQJ
UDWH LQFUHDVHG WKH DEUDVLRQ VWUHQJWK ,W ZDV QRW SRVVLEOH WR FRQFOXGH
ZKHQLQYHVWLJDWLQJRWKHUPDWHULDO$OOR\$0*6LDQG6R*6LDQGWKLV
ZDV EHOLHYHG WR EH D UHVXOW RI WKH LQKRPRJHQHLW\ RI WKHPDWHULDO 7KH
PLFUR KDUGQHVV RI WKH LQWHUPHWDOOLF SKDVHV ZDV PHDVXUHG DQG LW
GHSHQGHG RQ WKH DPRXQW RI FUDFNV SUHVHQW LQ WKH SKDVHV EHIRUH WKH
PHDVXUHPHQW VLQFH WKH FUDFNV LQIOXHQFHG WKH OHQJWK RI WKHPHDVXUHG
GLDJRQDOV

$Q LQLWLDO WHVW ZKHUH 0*6L ZDV SXULILHG E\ PHDQV RI PDJQHWLF
VHSDUDWLRQ VKRZHG SURPLVLQJ UHVXOWV $ JUDGH RI  ZW  LURQ ZDV
REWDLQHG LQ WKH  ǍP IUDFWLRQ XVLQJ WKH 6/RQ  VHSDUDWRU 7KH
UHFRYHU\LQWKHIUDFWLRQZDVLOOXVWUDWLQJWKDWWKHUHLVSRWHQWLDOIRU
IXUWKHURSWLPL]DWLRQRIWKHVHSDUDWLRQ



7DEOHRIFRQWHQWV

[L

7DEOHRIFRQWHQWV

3UHIDFH LLL
 
$FNQRZOHGJPHQWV Y
 
$EVWUDFW YLL
 
6\PEROVDQGDEEUHYLDWLRQV [Y
  
 ,QWURGXFWLRQ 
  7KHKLVWRU\RIVLOLFRQ 
  3URGXFWLRQRIVLOLFRQ 
  3XEOLFDWLRQV 
  6WUXFWXUHRIWKHWKHVLV 
     
 7KHRUHWLFDO%DFNJURXQG 
  7KHUPRG\QDPLFVRIVROLGLILFDWLRQ 
  1XFOHDWLRQDQGJURZWK 
   1XFOHDWLRQ 
   *URZWK 
  0LFURVWUXFWXUH 
  +HDWWUDQVSRUWGXULQJVROLGLILFDWLRQ 
   0HFKDQLVPVRIKHDWWUDQVIHU 
   6ROLGLILFDWLRQLQDLQGXVWULDOVL]HGPRXOG 
  0DJQHWLFVHSDUDWLRQ 
   0DJQHWLVP 
  0LFURKDUGQHVV 
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 & 'LVWULEXWLRQRIWUDFHHOHPHQWVEHWZHHQWKHLQWHUPHWDOOLF
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
6\PEROVDQGDEEUHYLDWLRQV
[Y

6\PEROVDQGDEEUHYLDWLRQV

6\PERO 'HVFULSWLRQ
$ $UHD
$ 0DVVUDWLRRIPDJQHWLFDQGQRQPDJQHWLFIUDFWLRQ
ǂ $EVRUSWLYL\
&/ &RPSRVLWLRQLQOLTXLGDWWKHVROLGOLTXLGLQWHUIDFH
&R ,QLWLDOFRQFHQWUDWLRQ
&S +HDWFDSDFLW\
&V &RPSRVLWLRQLQVROLGDWWKHVROLGOLTXLGLQWHUIDFH
'/ 'LIIXVLRQFRHIILFLHQWLQOLTXLG
ǅ %RXQGDU\OD\HUWKLFNQHVV
G 0HDQGLDJRQDOOHQJWKRILQGHQWLRQV9LFNHUV
KDUGQHVVPHDVXUHPHQW
( (PLVVLYHSRZHUIRUDQRQEODFNERG\
(E (PLVVLYHSRZHUIRUDEODFNERG\
ǆ (PLVVLYLW\
) )RUFH
)F &RPSHWLQJIRUFHV
)L ,QWHUSDUWLFOHIRUFHV
)P 0DJQHWLFIRUFH
IO )UDFWLRQOLTXLG
IV )UDFWLRQVROLG
IX 6KDSHIDFWRUPDJQHWLFSDUWLFOH
Ʀ* *LEEVIUHHHQHUJ\
Ʀ*L *LEEVIUHHHQHUJ\RIFOXVWHUIRUPDWLRQ
Ʀ*FL &ULWLFDO*LEEVIUHHHQHUJ\WRIRUPDFDSRQD
VXEVWUDWHKHWHURJHQHRXVQXFOHDWLRQ
Ʀ*L &ULWLFDO*LEEVIUHHHQHUJ\RIFOXVWHUIRUPDWLRQ
*DEV $EVRUEHGLUUDGLDWLRQ
*O 7KHUPDOJUDGLHQWLQOLTXLG
*P *UDGHRIPDJQHWLFIUDFWLRQ
Ʀ+ (QWKDOS\
Ʀ+I /DWHQWKHDWRIIXVLRQ
+ )LHOGVWUHQJWK
G+G[ )LHOGVWUHQJWKJUDGLHQW
K +HDWWUDQVIHUFRHIILFLHQW
- 1XFOHDWLRQUDWH
- 'HQVLW\RIDYDLODEOHQXFOHDWLRQVLWHV
. 3URSRUWLRQDOLW\FRQVWDQW
ǋ 6XUIDFHFXUYDWXUH
N %ROW]PDQQ·VFRQVWDQW
N 7KHUPDOFRQGXFWLYLW\
N (TXLOLEULXPGLVWULEXWLRQFRHIILFLHQW
NHII (IIHFWLYHGLVWULEXWLRQFRHIILFLHQW
6\PEROVDQGDEEUHYLDWLRQV
[YL

ǍR 3HUPHDELOLW\LQYDFXXP
ǍU 5HODWLYHSHUPHDELOLW\
Ʀ3 &KDQJHLQSUHVVXUH
1FLUFOH 1XPEHURIJUDLQVZLWKLQDFLUFOH
1FLUFXPIHUHQFH 1XPEHURIJUDLQVWKDWLQWHUVHFWVWKHFLUFOH
3 3UHVVXUH
3 /RDG
T +HDWWUDQVIHUUDWH
5P 5HFRYHU\RIPDJQHWLFIUDFWLRQ
5QP 5HFRYHU\RIQRQPDJQHWLFIUDFWLRQ
U &ULWLFDOUDGLLIRUQXFOHDWLRQ
U (TXLYDOHQWJUDLQVL]H
Ʀ6 (QWURS\
ǔ 6WHIDQ%ROW]PDQQ·VFRQVWDQW
ǔVO 6XUIDFHHQHUJ\RIWKHVROLGOLTXLGLQWHUIDFH
Ʀ7 8QGHUFRROLQJ
Ʀ7S 8QGHUFRROLQJGXHWRSUHVVXUH
Ʀ7U 8QGHUFRROLQJGXHWRFXUYDWXUH
ǉ :HWWLQJDQJOH
70 7UDQVIRUPDWLRQVWHPSHUDWXUHOLTXLGWRVROLG
7V 6XUIDFHWHPSHUDWXUH
7VXU 7HPSHUDWXUHRIVXUURXQGLQJV
7 )OXLGWHPSHUDWXUH
Ʀ9 &KDQJHLQYROXPH
9 *URZWKUDWHRIVROLGOLTXLGLQWHUIDFH
9V 0RODUYROXPH
ǘ 0DJQHWLFVXVFHSWLELOLW\
 
$EEUHYLDWLRQV 'HVFULSWLRQ
$W $WRPLFSHUFHQW
(*6L (OHFWURQLFJUDGHVLOLFRQ
(30$ (OHFWURQPLFURSUREHDQDO\VLV
+(6 +HDOWKVDIHW\DQGHQYLURQPHQW
+9 9LFNHUVKDUGQHVV
,&32(6 ,QGXFWLYHO\FRXSOHGSODVPDRSWLFDOHPLVVLRQ
0&6 'LPHWK\OGLFKORURVLODQH
0*6L 0HWDOOXUJLFDOJUDGHVLOLFRQ
6&* 6FUHZGLVORFDWLRQJURZWK
6(0 6FDQQLQJHOHFWURQPLFURVFRSH
6R*6L 6RODU*UDGHVLOLFRQ
7'1 7ZRGLPHQVLRQDOQXFOHDWLRQ
735( 7ZLQSODQHUHHQWUDQWDQJOH
7&6 7ULFKORURVLODQH
:W :HLJKWSHUFHQW
;5) ;UD\IOXRUHVFHQFH



 ,QWURGXFWLRQ
7KHXVHRIVLOLFRQDQGVLOLFRQDOOR\VSOD\DQLPSRUWDQWSDUWLQWKHGDLO\
OLIH DQG ZHOOEHLQJ RI WKH  ELOOLRQ KDELWDQWV RQ (DUWK 6LOLFRQ
FRQVWLWXWHVDQDOOR\LQJHOHPHQW LQDOXPLQLXPDQGVWHHO LW LV WKHPDLQ
EXLOGLQJ EORFN LQ VLOLFRQHV DQG KDV DQ LPSRUWDQW UROH LQ WKH HYHU
LQFUHDVLQJXVHRIHOHFWURQLFEDVHGSURGXFWV

(OHPHQWDO VLOLFRQ LV QRW IRXQG LQ QDWXUH EXW LV ERXQG WR R[\JHQ RU
RWKHUHOHPHQWV7KHVRXUFHRIVLOLFRQ LVPDLQO\6L2ZKLFKLV IRXQG LQ
TXDUW] 7KH SURGXFWLRQ SURFHVV XVHG UHTXLUHV D KLJK WHPSHUDWXUH D
KLJKHQHUJ\ LQSXWDQG WKHXVHRID FDUERQEDVHG UHGXFLQJDJHQW 7KH
SURFHVV LQFOXGHV WKH VROLGLILFDWLRQ RI OLTXLG VLOLFRQ WR VROLG VLOLFRQ DQG
WKHWUDQVIRUPDWLRQLQWRXVDEOHIRUPDQGVL]H

7KH VROLGLILFDWLRQ VWHS LV LPSRUWDQW ZKHQ LW FRPHV WR GHWHUPLQLQJ WKH
TXDOLW\ DQG WKH \LHOG RI WKH FDVW SURGXFW 'XH WR WKH KLJK VLOLFRQ
WHPSHUDWXUH DQGKLJK HQHUJ\ WUDQVIRUPDWLRQ WKH VROLGLILFDWLRQ SURFHVV
DOVRPD\UHVXOW LQDQHJDWLYHKHDOWKHQYLURQPHQWDQGVDIHW\VWDQGDUG
DW D SODQW )RU PHWDOOXUJLFDO JUDGH VLOLFRQ PDQ\ RI WKH FDVWLQJ
SURFHGXUHVXVHGDWPRVWVLOLFRQSODQWVWRGD\DUHLQSULQFLSOHWKHVDPH
DV WKRVHGHYHORSHGGHFDGHVDJRDQG WKHUH LV DQHHG IRU LPSURYHPHQW
7KHPDLQUHDVRQVIRUDQHZDQGLPSURYHGFDVWLQJSURFHVVDUH

x ,QFUHDVLQJ WKH SRVW WDSKROH \LHOG DQG KHQFH UHGXFLQJ WKH WRWDO
HQHUJ\FRQVXPSWLRQ
x ,PSURYLQJ WKH SURGXFW TXDOLW\ UHJDUGLQJ FXVWRPHU YDOXH ² WKLV
PD\LQFOXGH
o 'HILQHGVLOLFRQJUDLQVL]H
o 'LVWULEXWLRQRILQWHUPHWDOOLFSKDVHV
o 7UDFHHOHPHQWV
o +RPRJHQHLW\
x 0HHWLQJQHZUHTXLUHPHQWVIRUZRUNLQJHQYLURQPHQW
x 5HGXFLQJWKHFRVWIRUWKHVROLGLILFDWLRQDQGVLOLFRQIRUPLQJVWHS

,QWKLVVWXG\VLOLFRQUDQJLQJIURPWRaZWVLOLFRQZDVFDVWDW
GLIIHUHQW FRROLQJ FRQGLWLRQV %\ WUDFNLQJ WKH VLOLFRQ IURP WKH IXUQDFH
WKURXJKRXWWKHFDVWLQJLWZDVVHHQWKDWVHYHUDOIDFWRUVLQWHUDFWHGDQGLQ
FRPELQDWLRQJDYHWKHILQDOSURGXFW7KHPDLQIRFXVZDVKRZJUDLQVL]H
,QWURGXFWLRQ


W\SH DQG GLVWULEXWLRQ RI LQWHUPHWDOOLF SKDVHV DQG DEUDVLRQ VWUHQJWK
ZHUHDIIHFWHGE\DFKDQJHLQWKHFRROLQJUDWHFKHPLFDOFRPSRVLWLRQDQG
GLUHFWLRQRIWKHKHDWH[WUDFWLRQ$KHDWWUDQVIHUPRGHOZDVGHYHORSHGWR
GHVFULEHDQGXQGHUVWDQGWKHVROLGLILFDWLRQSURFHVVDQGWKHFDVWSURGXFW
 7KHKLVWRU\RIVLOLFRQ
6LOLFRQ LV WKHWKHOHPHQW LQ WKHSHULRGLF WDEOHDQGEHORQJV WR WKH$
JURXSWRJHWKHUZLWKFDUERQJHUPDQLXPWLQDQGOHDG(OHPHQWVZLWKLQ
DJURXSKDYHVRPHFRPPRQFKHPLFDOIHDWXUHVGXHWRWKHHTXDOQXPEHU
RIYDOHQFHHOHFWURQV,QPRVWQDWXUDOVXEVWDQFHVVLOLFRQRUFDUERQDUH
WKHEXLOGLQJEORFNVDQG=XPGDKOGHVFULEHVWKDWZKDWFDUERQLV
WR WKH ELRORJLFDO ZRUOG VLOLFRQ LV WR WKH JHRORJLFDO ZRUOG 0RVW URFNV
VDQGV DQG VRLOV DUH VLOLFD DQG GLIIHUHQW VLOLFDWHV 6LOLFRQ KDV D JUHDW
DIILQLW\ IRU R[\JHQ DQG IRUPV FKDLQV DQG ULQJV FRQWDLQLQJ 6L26L
EULGJHV WKDW DUH WKH EDVLV LQ WKHVH VXEVWDQFHV ,Q FDUERQEDVHG
FRPSRXQGVWKHFDUERQFDUERQERQGLVWKHPRVWVWDEOHERQGZKLOHWKH
6L2ERQG JLYHV WKHPRVW VWDEOH VLOLFRQ FRPSRXQGV ,Q)LJXUH WKH
XQLWFHOORIVLOLFRQLVLOOXVWUDWHG

)LJXUH8QLWFHOORIVLOLFRQ9(67$0RPPDDQG,]XPL

,WLVDOPRVW\HDUVVLQFHWKH6ZHGLVKFKHPLVW-|QV-DNRE%HU]HOLXV
GLVFRYHUHG VLOLFRQ EXW DOPRVW DQRWKHU  \HDUV SDVVHG EHIRUH
IHUURVLOLFRQZDVSURGXFHG LQGXVWULDOO\ LQ DQ HOHFWULF DUF IXUQDFH6WHHO
SURGXFWLRQZDVWKHRULJLQDODSSOLFDWLRQRI WKHHOHFWULFDUF IXUQDFHEXW
DIWHU WKH GHYHORSPHQW RI WKH 6¡GHUEHUJ HOHFWURGH WKH SURGXFWLRQ RI
IHUURVLOLFRQ EHFDPH IHDVLEOH )HUURVLOLFRQ LV DQ LPSRUWDQW DGGLWLYH WR
VWHHOGXHWRWKHJRRGGHR[LGDWLRQSURSHUWLHVRIVLOLFRQZKLFKLPSURYHV
WKH VWHHO TXDOLW\ DQG \LHOG ,Q WKH V IHUURVLOLFRQ DOVR EHFDPH DQ
7KHKLVWRU\RIVLOLF

LPSRUWDQW SDUW RI WKH
*UXH

,Q )LJXUH  WKH P
LQFOXGLQJIHUURVLOLFRQ

)LJXUH  0DLQ DSSOLFD
DSSOLFDWLRQVDQGFKHPLFDO

2Q D ZRUOG EDVLV DU
DOXPLQLXPLQGXVWU\7
LPSURYH WKH YLVFRVLW\
VWUHQJWK 7KH DOOR\V
SURGXFWLRQ

7KHILUVWTXDQWLWLHVRI
RI VLOLFRQZHUHSURGX
WKHQHHG IRU LPSURYHG
WKHUHVHDUFKRQVLOLFRQ
WKH PHWDOOXUJLFDO FRP
VLOLFRQHV'U(XJHQH5
VLOLFRQHV RQ DQ LQGXV
GLPHWK\O GLFKORURVLODQ
SURFHVVLVUHIHUUHGWR
ZRUN 'LPHWK\O GLFKOR
RQ

 SURGXFWLRQ RI VWDLQOHVV VWHHO *DE
DLQ DSSOLFDWLRQV RI VLOLFRQ DUH LOOX

WLRQV RI VLOLFRQ  DOXPLQLXP DOOR\V HOHFW
XVHDVDEDFNERQHHOHPHQWLQVLOLFRQHV(ON
RXQG   RI WKH VLOLFRQ LV FRQVX
DEOH6LOLFRQLVDGGHGWRDOXPLQL
 RI WKH DOOR\ WKH IORDWDELOLW\ DQG
DUH PDLQO\ XVHG LQ WKH PDFKLQH
VLOLFRQHVZKLFKLVWKHPDLQFKHPLF
FHG LQ WKHV'XULQJ WKH6HFRQ
VHDOLQJ LQDLUSODQHVDQGVXEPDULQ
HV7KHPHUJHRIWKHFKHPLFDOFRPS
SDQ\ &RUQLQJ HQDEOHG D UDSLG GH
RFKRZGHYHORSHGDGLUHFWPHWKRGIRU
WULDO VFDOH 7KH DLPHG SURGXFW RI WK
H 0&6 &HFFDUROL DQG /RKQH
DVWKHGLUHFWV\QWKHVLVRU0&6SURGX
URVLODQH 0&6 VHUYHV DV D SUHFXU
ULHOVHQ DQG
VWUDWHG QRW

URQLF DQG VRODU
HPLQWHUQDO
PHG E\ WKH
XPPDLQO\WR
 PHFKDQLFDO
U\ DQG DXWR
DODSSOLFDWLRQ
G:RUOG:DU
HV LQWHQVLILHG
DQ\'RZDQG
YHORSPHQW RI
V\QWKHVL]LQJ
H UHDFWLRQ LV
 7KLV
FWLRQLQWKLV
VRU WR D YDVW
,QWURGXFWLRQ


QXPEHURIGLIIHUHQWFRPSRXQGVQDPHGVLOLFRQHVZKLFKFRQWDLQD6L2
6L EDFNERQH 7KLV EDFNERQH FDQ EH LQFRUSRUDWHG LQWR ULQJV DQG ODUJH
FKDLQV 3DUWV RI WKH FKDLQV DQG ULQJV FDQ FRQWDLQ GLIIHUHQW VXEVWLWXWH
JURXSV VXFK DV &+ &22+ 2+ 7KLV JLYHV DQ HQRUPRXV GLYHUVLW\
ZKHQLWFRPHVWRWKHSURSHUWLHVRIWKHGLIIHUHQWVLOLFRQHV7KHVLOLFRQHV
DUHDQLPSRUWDQWSDUWRIRXUPRGHUQOLIHVW\OH3URGXFWVZKHUHVLOLFRQHV
DUH IUHTXHQWO\ XVHG DUH PDNHXS SDLQW ZDWHU UHVLVWDQW FORWKLQJ
PHGLFLQHVDQGEDNLQJPRXOGV%OXHVWDU6LOLFRQHV

7KH GHYHORSPHQW RI WKH ILUVW XVDEOH FRPSXWHUV RFFXUUHG GXULQJ WKH
6HFRQG :RUOG :DU ,Q WKH V WKH LQYHQWLRQ RI WKH WUDQVLVWRU DQG
FRPELQHG ZLWK WKH GHYHORSPHQW DQG XVH RI VHPLFRQGXFWRU VLOLFRQ
RSHQHGWKHHUDWKDWFRXOGEHUHIHUUHGWRDVWKH´VLOLFRQDJHµ*DEULHOVHQ
DQG*UXH

6LOLFRQLVDOVRHVVHQWLDO LQWKHGHYHORSPHQWRIUHQHZDEOHHQHUJ\DVWKH
PDLQ FRQVWLWXHQW LQ VRODU FHOOV %RWK WKH QHJDWLYH LPSDFW IRVVLO IXHOV
KDYHRQWKHHQYLURQPHQWDQGWKHGHFUHDVHLQWKHLUGHSRVLWVKDYHOHGWR
LQFUHDVHGUHVHDUFKDFWLYLW\IRFXVLQJRQUHQHZDEOHHQHUJ\

7KHUH DUH VWULFWHU UHTXLUHPHQWV WR SXULW\ IRU VLOLFRQ WR EH XVHG IRU
HOHFWURQLF DQG VRODU DSSOLFDWLRQV GXH WR WKH GHWULPHQWDO HIIHFW VRPH
WUDFH HOHPHQWV FDQ KDYH RQ WKH HOHFWULFDO SURSHUWLHV 7KH SXULW\ RI
PHWDOOXUJLFDO JUDGH VLOLFRQ0*6L XVHG LQ DOXPLQLXP DOOR\V DQG WKH
SURGXFWLRQRIVLOLFRQHV LVW\SLFDOO\DQGDVVHHQIURP7DEOH
LPSXULWLHV DUH SUHVHQW LQ WKH SSPZ UDQJH 6LOLFRQ XVHG LQ HOHFWURQLF
GHYLFHVDQGVRODUFHOOVUHTXLUHVLPSXULW\OHYHOVLQWKHSSEDDQGSSWD
UDQJH2QHFRPPRQZD\WRREWDLQWKLVSXULW\LVE\WKHGLVWLOODWLRQDQG
WKHUPDOGHFRPSRVLWLRQRIYRODWLOHVLOLFRQFRPSRXQGV7KHSURFHVVZKHUH
WULFKORURVLODQH 7&6 LV GHFRPSRVHG ZKHUH WKH PDLQ SURFHVV LV WKH
6LHPHQVSURFHVVKDVDGRPLQDQWSRVLWLRQLQWKHLQGXVWU\,WLVKRZHYHU
DSURFHVVWKDWFRQVXPHVDKLJKOHYHORIHQHUJ\ZKHUHRIWKHLQSXW
SRZHULVORVW2WKHUSURFHVVHVKDYHEHHQGHYHORSHG$QRWKHUPHWKRGWR
SURGXFH6RODU JUDGH VLOLFRQ6R*6L LV WRXSJUDGH0*6L 7KLV FDQEH
GRQH E\ VODJ UHILQLQJ SODVPD UHILQLQJ DFLG OHDFKLQJ GLUHFWLRQDO
VROLGLILFDWLRQ RU D FRPELQDWLRQ RI VHYHUDO PHWKRGV &HFFDUROL DQG
/RKQH   7KH XSUDGHG VLOLFRQ PD\ KRZHYHU QRW EH DV SXUH DV
VLOLFRQIURPWKH6LHPHQVSURFHVV

7KHKLVWRU\RIVLOLFRQ


7DEOHDQG)LJXUHJLYHWKHDPRXQWRIVLOLFRQFRQVXPHGLQ
DQGE\ WKH DOXPLQLXP LQGXVWU\0&6 UHODWHG LQGXVWU\ZKLFK LV
WKHVLOLFRQHLQGXVWU\DQGWULFKORURVLODQHUHODWHGLQGXVWU\7KHQXPEHUV
DUHSXEOLVKHGE\FRXUWHV\RIGH/LQGH,QWKHDOXPLQLXPVHJPHQW
PLQRUPLVFHOODQHRXV XVHV DUH LQFOXGHG LQ DGGLWLRQ WR VRPH LQYHQWRU\
PRYHPHQWV,WLVDVVXPHGWKDWWKHEXONSDUWRIWKH7&6VHJPHQWLVIRU
VRODUDSSOLFDWLRQVLQEXWDQH[DFWQXPEHULVQRWJLYHQ

7KHJOREDOSURGXFWLRQRIVLOLFRQ LQZDV07DQGDVFDQEH
VHHQ IURP )LJXUH   07 ZDV FRQVXPHG E\ WKH DOXPLQLXP
LQGXVWU\07E\WKH0&6LQGXVWU\DQG07E\WKH7&6UHODWHG
LQGXVWU\7KLVJLYHVDQ LQFUHDVH IURPRIDQG
UHVSHFWLYHO\

7DEOH*OREDOGHPDQGIRUVLOLFRQDQGLQFOXGLQJ
 6L>07@

6L>07@

,QFUHDVH
>@
6LOLFRQIRUDOXPLQLXP   
0&6UHODWHG   
7&6UHODWHG   
7RWDO   


)LJXUH*OREDOGHPDQGIRUVLOLFRQLQYVFRXUWHV\RIGH/LQGH&58


7KH LQFUHDVH LQ VLOLFRQ FRQVXPSWLRQ DOVR PHDQV WKHUH ZLOO EH DQ
LQFUHDVHG GHPDQG IRUPHWDOOXUJLFDO JUDGH VLOLFRQ 7KH VLOLFRQ LQGXVWU\
IDFHV VRPH PDLQ FKDOOHQJHV 7KH LQGXVWU\ ZLOO KDYH WR LPSURYH
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Žď
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ŵ
ĂŶ
Ě
΀D
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,QWURGXFWLRQ

UHJDUGLQJ FRVW SURGX
DQGWKHDFFHVVRIHQHU
 3URGXFWLR
7KHKLJK VWDELOLW\ RI W
VXFK DV TXDUW] ROLYLQ
HOHPHQWDO VLOLFRQ LV E
DQGFDUERQDFHRXVPD
)LJXUH

)LJXUH,OOXVWUDWLRQRIW
DUFIXUQDFHIURPUDZPDWH

$ VLPSOLILHG HTXDWLRQ
WH[WERRNE\6FKHLHWD

6L2V&V 6LO

7KH VLOLFRQPHOW LV WDS
WKHQ SRXUHG LQWR D
FDUERQDFHRXVPDWHULD
FRQVHTXHQFH LPSXULWL
0HWDOOXUJLFDO JUDGHVLO
IURP DQ HOHFWULF DUF I
FRPSRVLWLRQ RI0*6L
WDEOH WKH JDS EHWZHHQ
HOHPHQWVDQGWKHREWD

FW TXDOLW\ KHDOWK HQYLURQPHQW DQG
J\DQGUDZPDWHULDOV
QRIVLOLFRQ
KH6L2ERQGKDV OHG WR WKH IRUPDW
H DQG IHOGVSDUV 7KH PDLQ SURGXF
\ FDUERWKHUPDO UHGXFWLRQ EHWZHHQ
WHULDOVLQDQHOHFWULFDUFIXUQDFHDV
KHSURGXFWLRQRIPHWDOOXUJLFDOJUDGHVLOLFRQ
ULDOVTXDUW]FRDOFRNHDQGZRRGFKLSV(ONH
IRU WKH SURGXFWLRQ RI VLOLFRQ FROOHF
OFDQEHZULWWHQDV
&2J
SHG IURP WKH IXUQDFH XVXDOO\ LQWR
 PRXOG IRU VROLGLILFDWLRQ 7KH
OVXVHGLQSURGXFWLRQFRQWDLQLPSXU
HV PD\ EH SUHVHQW LQ WKH VLOLFR
LFRQ0*6L LVKHUHGHILQHGDV VLOLF
XUQDFH ZLWK SXULW\ DURXQG  
 LV OLVWHG LQ 7DEOH  $V FDQ EH V
 WKH ORZ YDOXH DQG KLJK YDOXH LV OD
LQHGEXONSXULW\ZLOOGHSHQGRQWKHU
 VDIHW\ +(6
LRQ RI R[LGHV
WLRQ URXWH WR
TXDUW] 6L2
LOOXVWUDWHGLQ

LQDQHOHFWULF
PLQWHUQDO
WHG IURP WKH

 D ODGOH DQG
TXDUW] DQG
LWLHVDQGDVD
Q SURGXFHG
RQSURGXFHG
 7KH W\SLFDO
HHQ IURP WKH
UJH IRUPRVW
DZPDWHULDOV
3URGXFWLRQRIVLOLFRQ


XVHGDQG W\SH RI HOHFWURGHV 7KH YDULDWLRQ LQSXULW\ZLWKLQD FDVWZLOO
GHSHQGRQWKHVROLGLILFDWLRQ

7DEOH7\SLFDOFKHPLFDOFRPSRVLWLRQRIFDVW0*6L&HFFDUROLDQG/RKQH
(OHPHQW 2 )H $O &D & 0J 7L 0Q
/RZSSP        
+LJKSSP        
(OHPHQW 9 % 3 &X &U 1L =U 0R
/RZSSP        
+LJKSSP        

,Q WKH ZRUN E\0\UKDXJ  WKH VRXUFH RI LPSXULW\ HOHPHQWV LQ
IHUURVLOLFRQLVOLVWHG)RUVLOLFRQDVRSSRVHGWRIHUURVLOLFRQQRLURQRUHLV
DGGHGDQGWKH6¡GHUEHUJHOHFWURGHVFDQEHWKHPDLQVRXUFHRILURQDQG
JLYHLQWKHRUGHURILURQLQWKHVLOLFRQ7RSURGXFHVLOLFRQZLWK0*
6LTXDOLW\HOHFWURGHVDUHXWLOL]HGWKDW\LHOGORZHULURQFRQWDPLQDWLRQLQ
WKHVLOLFRQ6ROLGJUDSKLWHHOHFWURGHVDUHXVHGLQVPDOOHUIXUQDFHV²DQG
FRPSRVLWHHOHFWURGHVDUHXVHGLQODUJHUIXUQDFHV7KHSULQFLSOHVIRUWKH
FRPSRVLWH HOHFWURGHV DUH H[WUXVLRQ RI WKH HOHFWURGH WKURXJK D VORZ
PRYLQJRXWHU VWHHO FDVLQJ ²RU WKDWSDUWV WKH HOHFWURGHDUHPDGH IURP
DOXPLQLXP7YHLW

7KH GLIIHUHQW HOHPHQWV WKDW RULJLQDWH IURP WKH UDZPDWHULDOV DQG WKH
HOHFWURGHV ZLOO HQG XS LQ WKH RII JDV VODJ RU WKH VROLGLILHG SURGXFW
$FFRUGLQJ WR WKH ERLOLQJ SRLQW PRGHO E\0\UKDXJ DQG 7YHLW 
HOHPHQWVZLWKDORZERLOLQJSRLQWZLOOHYDSRUDWHDWWKHIXUQDFHWRSZKLOH
HOHPHQWV ZLWK D KLJKHU ERLOLQJ SRLQW ZLOO IROORZ WKH PHOW RXW RI WKH
IXUQDFH

$VWKHJOREDOUHVRXUFHVRIKLJKSXULW\TXDUW]DQGFDUERQDFHRXVPDWHULDO
DUH OLPLWHG LWZLOO EH FUXFLDO WRGHYHORS JRRG UHILQLQJ WHFKQLTXHV WREH
DEOH WR UHGXFH WKH OHYHO RI XQZDQWHG HOHPHQWV 7KLV FDQ EH SURFHVVHV
VXFKDVVODJUHILQLQJOHDFKLQJRUGLUHFWLRQDOVROLGLILFDWLRQ%HQHILFLDWLRQ
WHFKQLTXHVVXFKDVPDJQHWLFVHSDUDWLRQRUIORWDWLRQPD\DOVRREWDLQDQ
LQFUHDVHGLQWHUHVW

7KHUH DUH GLIIHUHQW VSHFLILFDWLRQV IRU VLOLFRQ WKDW DUH XVHG LQ WKH
FKHPLFDOLQGXVWU\DVRSSRVHGWRVLOLFRQXVHGLQVRODUDSSOLFDWLRQVRULQ
WKHSURGXFWLRQRIDOXPLQLXPDOOR\V,WLVLPSRUWDQWWREHDZDUHRIWKH
VLPLODULWLHVDQGGLIIHUHQFHVLQVSHFLILFDWLRQLQRUGHUWRREWDLQDSURGXFW
DQG D SURGXFWLRQ URXWH WKDW LV VXLWHG IRU LWV DSSOLFDWLRQ )URP DQ
,QWURGXFWLRQ


LQGXVWULDOSRLQWRIYLHZWKHHFRQRPLFVDQGHPLVVLRQVGXULQJSURGXFWLRQ
DOVR QHHG WR EH FRQVLGHUHG  ,W ZLOO EH WKH FRPELQDWLRQ RI SURGXFWLRQ
FRVWTXDOLW\DQGHQYLURQPHQWWKDWZLOOSUHGLFWZKDWPHWKRGWKDWVKRXOG
EHFKRVHQLQWKHIXWXUH
 3XEOLFDWLRQV
3DUWVRI WKLVZRUNKDYHSXEOLVKHG LQ WKHSURFHHGLQJVRI WKH6LOLFRQ IRU
WKH&KHPLFDODQG6RODU&HOO,QGXVWU\FRQIHUHQFH;,0¡OOHWDO 
DQG,1)$&21;,,,0¡OOHWDO
 6WUXFWXUHRIWKHWKHVLV
&KDSWHU  LQWURGXFHV WKH WKHRU\ WKDW KDV EHHQ FRQVLGHUHG UHOHYDQW
GXULQJ WKLVZRUN $ OLWHUDWXUH VXUYH\ UHJDUGLQJ VLOLFRQ ULFK DOOR\V KDV
DOVREHHQLQFOXGHG,Q&KDSWHUDEDVLVIRUWKHPDWHULDOVDQGPHWKRGV
XVHG GXULQJ WKLV ZRUN ZLOO EH SUHVHQWHG ,Q DGGLWLRQ D GLVFXVVLRQ
DURXQGXQFHUWDLQWLHVUHODWHGWRVRPHRI WKHH[SHULPHQWDOPHWKRGVZLOO
EHJLYHQ&KDSWHUGHVFULEHVWKHWKHUPDOKLVWRU\RIWKHH[SHULPHQWV$
KHDWWUDQVIHUPRGHOLQ&2062/DKDVEHHQGHYHORSHGEDVHG
RQ WZR RI WKH H[SHULPHQWV 7KH PRGHO KDV EHHQ XVHG WR SUHGLFW
LPSRUWDQW FDVWLQJSKHQRPHQD  7KHFKHPLFDO VHJUHJDWLRQ GLVWULEXWLRQ
DQGVL]HRIVLOLFRQJUDLQVDQGLQWHUPHWDOOLFSKDVHVDUHJLYHQLQ&KDSWHU
7KLVLVSXWLQFRQWH[WRIWKHWKHUPDOKLVWRU\SUHVHQWHGLQ&KDSWHU
$GLVFXVVLRQUHJDUGLQJWKHSDUWLWLRQRIWUDFHHOHPHQWVLVJLYHQLQFOXGLQJ
DPDVVEDODQFHEHWZHHQWKHLQWHUPHWDOOLFSKDVHVDQGWKHVLOLFRQPDWUL[
6RPH DVSHFWV UHJDUGLQJ SRVW SURFHVVLQJ RI 0*6L DUH LQFOXGHG LQ
&KDSWHU  DQG LQFOXGH D GLVFXVVLRQ DERXW DEUDVLRQ VWUHQJWK PLFUR
KDUGQHVV DQG ILQHV JHQHUDWLRQ ,Q &KDSWHU  DQ LQWURGXFWRU\ WHVW RI
PDJQHWLFVHSDUDWLRQRIFUXVKHGDQGPLOOHGPHWDOOXUJLFDOJUDGHVLOLFRQLV
SUHVHQWHG7KHZRUNLVVXPPDUL]HGLQ&KDSWHUFRQFOXVLRQV)LQDOO\D
GLVFXVVLRQUHJDUGLQJIXWXUHZRUNZLOOEHJLYHQLQ&KDSWHU


 7KHRUHWLFDO%DFNJURXQG
6ROLGLILFDWLRQ LQYROYHV WKH WUDQVLWLRQ IURPD OLTXLG WRDVROLGVWDWH7KH
SURFHVVZLOOKDYHDVXEVWDQWLDOLPSDFWRQWKHSURSHUWLHVRIWKHILQLVKHG
SURGXFW  7KHPDLQSURGXFW FKDUDFWHULVWLFV WKDW DUH LQIOXHQFHGE\ WKH
VROLGLILFDWLRQSURFHVVDUHJUDLQVL]HDQGJUDLQVL]HGLVWULEXWLRQVL]HDQG
GLVWULEXWLRQRILQWHUPHWDOOLFSKDVHVFKHPLFDOVHJUHJDWLRQRQPLFURDQG
PDFUR VFDOHV SURGXFW VWUHQJWK DQG SURGXFW \LHOG 7KH VROLGLILFDWLRQ
SURFHVV LQFOXGHV WKH WUDQVSRUW RI D KLJK DPRXQW RI WKHUPDO HQHUJ\ ²
DQGKDVDVLJQLILFDQWUROH LQWKHKHDOWKHQYLURQPHQWDQGVDIHW\+(6
VWDQGDUGLQWKHVLOLFRQSODQW

7KLVFKDSWHUGHVFULEHVDEDVLV IRU LPSRUWDQWVROLGLILFDWLRQSKHQRPHQD
7KLV LQFOXGHV DQ LQWURGXFWLRQ WR WKH WKHUPRG\QDPLFV RI VROLGLILFDWLRQ
QXFOHDWLRQDQGJURZWKKHDWWUDQVIHUGLVWULEXWLRQRILPSXULW\HOHPHQWV
DQG PRUSKRORJ\ ,Q DGGLWLRQ DQ LQWURGXFWLRQ WR PDJQHWLF VHSDUDWLRQ
DQG D OLWHUDWXUH UHYLHZ UHJDUGLQJ VLOLFRQ ULFK DOOR\VZLOO EH JLYHQ 7KH
PDLQ IRFXV KDV EHHQ PHWDOOXUJLFDO JUDGH VLOLFRQ DQG VLOLFRQ DOOR\V
LQWHQGHGIRUWKHSURGXFWLRQRIVLOLFRQHVDQGK\GURPHWDOOXUJLFDOOHDFKLQJ
,IWKHVXEMHFWVGHVFULEHGLQWKLVFKDSWHUDUHWREHVWXGLHGLQPRUHGHWDLO
WKHUHDGHULVUHIHUUHGWR)OHPLQJV6W¡OHQHWDODQG.XU]
DQG)LVKHU *HDQNRSOLV *DVNHOO  DQG ,QFURSHUD
DQG'H:LWW

 7KHUPRG\QDPLFVRIVROLGLILFDWLRQ
,Q WKHUPRG\QDPLFV D V\VWHP LV GHILQHG DV WKH PDWWHU VXEMHFWHG WR
WKHUPRG\QDPLF DQDO\VLV  :LWK D JLYHQ VHW RI FRQGLWLRQV VXFK DV
WHPSHUDWXUH SUHVVXUH DQG FRPSRVLWLRQ D V\VWHP ZLOO DOZD\V WU\ WR
PLQLPL]HLWVHQHUJ\$WWKLVPLQLPXPWKHV\VWHPZLOOEHLQHTXLOLEULXP
DQGWKHHTXLOLEULXPVWDWHVRIDV\VWHPFDQEHUHSUHVHQWHGE\DSKDVH
GLDJUDP

$W HTXLOLEULXP WKH FKDQJH LQ IUHH HQHUJ\ GXULQJ VROLGLILFDWLRQ FDQ EH
ZULWWHQDV

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

7KHRUHWLFDO%DFNJURX

 Ʀ* LV WKH FKDQJH L
HQWKDOS\DQGHQWURS\

$WRWKHUWHPSHUDWXUHV

'  '  ' z Ϭ' , d ^ 

$VVXPLQJ WKDW WKH HQ
FKDQJHVLQWHPSHUDWXU

' ''  z Ϭ
D
, d'
d


ZKHUHƦ7LVWKHXQGH

7KHGULYLQJIRUFHIRUV
WKH IUHH HQHUJ\ LQFU
LQFUHDVHGXQGHUFRROLQ

,Q )LJXUH  IUHH HQ
LOOXVWUDWHG IRU D SXUH
IUHHHQHUJ\LVDWDPLQ
WKHWKHUPRG\QDPLFDOO\
)LJXUH)UHHHQHUJ\FX
&DKQ
$W7 70WKHOLTXLGSK
DQG IXUWKHU FRROLQJ F
QG

Q IUHH HQHUJ\ DQG Ʀ+ DQG Ʀ6 WKH
DWWKHHTXLOLEULXPWUDQVIRUPDWLRQWHP
WKHIUHHHQHUJ\FKDQJHFDQEHZULWWH


WKDOS\ DQG HQWURS\ DUH QRW GHSHQG
HWKHWZRHTXDWLRQVFRPELQHG\LHOGV

UFRROLQJ707
ROLGLILFDWLRQLQFUHDVHVZKHQWKHQHJ
HDVHV 6LQFH Ʀ+ LV QHJDWLYH IRU
JZLOOLQFUHDVHVWKHGULYLQJIRUFHIRUV
HUJ\ FXUYHV DV D IXQFWLRQ RI WHP
PDWHULDO %DNHU DQG&DKQ
LPXPIRUWKHOLTXLGSKDVHDQGWKH
VWDEOHSKDVH
UYHVYHUVXVWHPSHUDWXUHIRUDSXUHPDWHULDO
DVHZLOOEHLQHTXLOLEULXPZLWKWKH
RXOG OHDG WR WKH VROLGLILFDWLRQ RI WK
 FKDQJHV LQ
SHUDWXUH70
QDV

HQW RQ VPDOO


DWLYHYDOXHRI
VROLGLILFDWLRQ
ROLGLILFDWLRQ
SHUDWXUH DUH
$W 7 !70 WKH
OLTXLGZLOOEH

%DNHUDQG
VROLGSKDVHĮ
LV SKDVH  ,I
7KHUPRG\QDPLFVRIVROLGLILFDWLRQ

 
KRZHYHU QXFOHDWLRQ LV VXSSUHVVHG IRU VRPH UHDVRQ WKH OLTXLG ZLOO
FRQWLQXHWRFRRO7KHIRUPDWLRQRIWKHPHWDVWDEOHSKDVHVǃDQGǄPD\
WDNHSODFHLQVXEVHTXHQWRUGHU7KHǅSKDVHKDVQRPHOWLQJSRLQWDQG
FDQ WKHUHIRUH QHYHU IRUP IURP WKH OLTXLG )RU D SXUH HOHPHQW WKH
WUDQVLWLRQEHWZHHQOLTXLGDQGVROLGZLOORFFXUDWDGLVWLQFWWHPSHUDWXUH

7KHHTXLOLEULXPPHOWLQJWHPSHUDWXUHZLOOGHSHQGRQWKHSUHVVXUHLQWKH
V\VWHPDQGLVJLYHQE\WKH&ODSH\URQHTXDWLRQ

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

6LOLFRQ H[SDQGV GXULQJ VROLGLILFDWLRQ DQG LQFUHDVHG SUHVVXUH ZRXOG
GHFUHDVH 70 )RU PRVW PDWHULDOV WKH GHQVLW\ LQFUHDVH XSRQ
VROLGLILFDWLRQDQG70ZRXOGLQFUHDVHIROORZLQJDFKDQJHLQSUHVVXUH

7KHVXUIDFHFXUYDWXUHRIWKHSDUWLFOHVIRUPHGZLOODOVRDIIHFWHTXLOLEULXP
PHOWLQJSRLQWDVJLYHQLQHTXDWLRQ

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Ϯ D ^
ƌ
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,
 
ǋLVWKHPHDQVXUIDFHFXUYDWXUHDQGLQFUHDVHVZLWKGHFUHDVLQJUDGLLǔ
LV WKH VXUIDFH WHQVLRQ DQG 9V LV WKH PRODU YROXPH RI WKH VROLG 7KH
VXUIDFH WHQVLRQ RI OLTXLGV LVXVXDOO\ ORZHU WKDQ WKH VXUIDFH WHQVLRQRI
VROLGV 7KLV UHVXOW LQ VXSSUHVVLRQ RI WKH OLTXLGXV DQG VROLGXV OLQHV DV
WKHUDGLXVRIDSDUWLFOHGHFUHDVHV7KLV\LHOGVZKHQWKHVXUIDFHDUHDLV
OHVVWKDQaǍP6W¡OHQHWDO

,Q )LJXUH  D SKDVH GLDJUDP IRU DQ LGHDO ELQDU\ DOOR\ LV LOOXVWUDWHG
PLGGOHILJXUHWRJHWKHUZLWKIUHHHQHUJ\FXUYHVDWWHPSHUDWXUHV70WKH
PHOWLQJWHPSHUDWXUHOHIWILJXUHDQG770ULJKWILJXUH$WWKHPHOWLQJ
WHPSHUDWXUHWKHIUHHHQHUJ\RIWKHOLTXLGLVOHVVWKDQWKHIUHHHQHUJ\RI
WKH VROLGRYHU WKHZKROH FRPSRVLWLRQDO UDQJH$VD UHVXOW WKH OLTXLG LV
WKH WKHUPRG\QDPLFDOO\VWDEOHSKDVH $W WHPSHUDWXUH7 WKHVROLGZLOO
EH VWDEOHDW ORZFRQFHQWUDWLRQVRI%ZKLOH WKH OLTXLGZLOOEHVWDEOHDW
KLJK FRQFHQWUDWLRQV RI % 6LPLODU GLDJUDPV DV VKRZQ WR WKH OHIW DQG
ULJKWLQ)LJXUHFDQEHFDOFXODWHGIRUDOOWHPSHUDWXUHVDQGWKHORFLRI
DOO WKHVH GLDJUDPV FRQVWLWXWH WKH OLTXLGXV DQG VROLGXV FXUYHV RI WKH
HTXLOLEULXP SKDVH GLDJUDP VKRZQ LQ WKH PLGGOH RI )LJXUH  7KH
7KHRUHWLFDO%DFNJURXQG


GHULYDWLRQVRIWKHHTXDWLRQVFRQVWLWXWLQJWKHGLDJUDPVDUHGHVFULEHGE\
)OHPLQJV


)LJXUH)UHHHQHUJ\FXUYHVDWWHPSHUDWXUHV7 70DQG770IRUDQLGHDOELQDU\
VROXWLRQDQGUHVXOWLQJSKDVHGLDJUDP)OHPLQJV
,QDELQDU\V\VWHPWKHPHOWLQJRUVROLGLILFDWLRQZLOORFFXURYHUDUDQJHRI
WHPSHUDWXUHVJLYHQE\WKHOLTXLGXVDQGVROLGXVOLQHV7KHDUHDEHWZHHQ
WKH OLTXLGXVDQG WKHVROLGXVRI WKHV\VWHP LV WHUPHG WKHPXVK\]RQH
DQG KHUH OLTXLG DQG VROLG ZLOO FRH[LVW )OHPLQJV  7KH PLFUR
VWUXFWXUDO FKDUDFWHULVWLFV VXFK DV VKDSH VL]H DQG GLVWULEXWLRQ RI
FRQFHQWUDWLRQYDULDWLRQVSUHFLSLWDWHVDQGSRUHVDUHGHWHUPLQHGLQWKLV
UHJLRQ.XU]DQG)LVKHU

$OO FU\VWDOOLQH PDWHULDO ZLOO FRQWDLQ D YDULRXV GHJUHH RI LPSHUIHFWLRQV
DQG LPSXULW\ DWRPV FDQ EH IRXQG LQ VROLG VROXWLRQV ZKHUH WKH\ DUH
IRXQG DV VXEVWLWXWLRQDO RU LQWHUVWLWLDO SRLQW GHIHFWV 7KH GHJUHH RI
GLVVROXWLRQRIWKHVROXWHZLOOGHSHQGRQIDFWRUVVXFKDVDWRPLFVL]HWKH
FU\VWDO VWUXFWXUH HOHFWUR QHJDWLYLW\ DQG YDOHQFHV &DOOLVWHU DQG
5HWKZLVFK7KHFU\VWDOVWUXFWXUHRIVLOLFRQUHVWULFWVGLVVROXWLRQ
RI PRVW HOHPHQWV DQG PRVW HOHPHQWV ZLOO WKHUHIRUH KDYH D ORZHU
VROXELOLW\ LQVROLGVLOLFRQWKDQ LQ OLTXLGVLOLFRQ7UXPERUH7KLV
PHDQV WKDW ZKHQ D VLOLFRQ DOOR\ VWDUW WR VROLGLI\ WKH OLTXLG ZLOO EH
HQULFKHGLQDOOR\LQJHOHPHQWVZKLOHQHDUO\SXUHVLOLFRQVROLGLILHV:KHQ
VROLGLILFDWLRQ SKHQRPHQD DUH WR EH VWXGLHG FRQVWUDLQHG ORFDO
HTXLOLEULXPLVDVVXPHG7KLVPHDQVWKDWHTXLOLEULXPLVYDOLGRQO\DWWKH
VROLGOLTXLGLQWHUIDFHV)RURWKHUSURFHVVHVWKHUDWHLVDVVXPHGWRRFFXU
DW DQHJOLJLEOH UDWH  ,I FRPSOHWHGLIIXVLRQ LQERWK VROLG DQG OLTXLG DUH
DVVXPHGDGHVFULSWLRQRIHTXLOLEULXPVROLGLILFDWLRQFDQEHRXWOLQHG
7KHUPRG\QDPLFVR


)LJXUH%LQDU\SKDVHG
VPDOOHUWKDQXQLW\N.X
7KH VROLG DQG OLTXLG
WHPSHUDWXUH GHSHQGHQ
GLDJUDP )LJXUH 
DQGWKHOLTXLGSKDVHV
FRHIILFLHQWN
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
ZKHUH&VDQG&/DUH
OLTXLG LQWHUIDFH UHV
FRQFHQWUDWLRQ&RWKH
OLTXLGXVWHPSHUDWXUH
QXFOHDWLRQ LVQRWVXSS
FRPSRVLWLRQRI WKH VR
WLHOLQH EHWZHHQ WKH
WHPSHUDWXUH$PDWHUL

V V / /& I & I &  

IVROLGLILFDWLRQ



LDJUDPRID$%V\VWHPZKHUHWKHGLVWULEXW
U]DQG)LVKHU
 FRPSRVLWLRQV DW WKH VROLGOLTXLG
W DV LOOXVWUDWHG LQ WKH ELQDU\ HTXLO
7KH GLVWULEXWLRQ RI WKH VROXWH EHWZ
FDQEHH[SUHVVHGE\WKHHTXLOLEULXP

WKHVROLGDQGOLTXLGFRPSRVLWLRQDW
SHFWLYHO\ )OHPLQJV  )RU
OLTXLGZLOOEHWKHRQO\SKDVHWKDWH[L
:KHQWKHOLTXLGXVOLQHLVFURVVHGD
UHVVHGDVROLGSKDVHZLOO VWDUW WRQ
OLGDQG OLTXLGSKDVHV&VDQG&O LV
 OLTXLGXV DQG WKH VROLGXV DW
DOEDODQFHIRUWKHV\VWHPZLOOEH

LRQFRHIILFLHQWLV
LQWHUIDFH DUH
LEULXPSKDVH
HHQ WKH VROLG
GLVWULEXWLRQ

WKHVROLGDQG
 DQ LQLWLDO
VWVDERYHWKH
VVXPLQJWKDW
XFOHDWH7KH
 JLYHQE\ WKH
WKDW VSHFLILF

7KHRUHWLFDO%DFNJURXQG


 ZKHUH IV DQG I/ DUH WKH VROLG DQG OLTXLG IUDFWLRQV UHVSHFWLYHO\ 7KH
UHPDLQLQJOLTXLGGLVDSSHDUVZKHQWKHVROLGXVOLQHLVFURVVHG

,I LW LV DVVXPHG WKDW GLIIXVLRQ LQ WKH VROLG LV QHJOLJLEOH DQRWKHU
H[SUHVVLRQIRUWKHVROLGLILFDWLRQFDQEHGHYHORSHG6LQFHWKHDPRXQWRI
VROXWHUHMHFWHGDWWKHLQWHUIDFHPXVWEHHTXDOWRWKHLQFUHDVHRIVROXWHLQ
WKH OLTXLG D PDWHULDO EDODQFH FDQ EH JLYHQ ZKHQ D VPDOO DPRXQW
VROLGLILHVGIV

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

,I ZH XVH WKH UHODWLRQVKLS IURP WKH SKDVH GLDJUDP N  &V&/ DQG
LQWHJUDWH IURP &V   N& DW IV  RQH REWDLQV DQ H[SUHVVLRQ IRU WKH
FRQFHQWUDWLRQLQWKHVROLGDVDIXQFWLRQRIWKHIUDFWLRQVROLG

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

 RU WKH UHODWLRQVKLSEHWZHHQ VROXWH LQ OLTXLG DV D IXQFWLRQRI IUDFWLRQ
OLTXLG

 ; ϭͿϬ Ŭ> >  Ĩ 

7KH HTXDWLRQV DUH WHUPHG WKH 6FKHLO HTXDWLRQ RU WKH QRQHTXLOLEULXP
OHYHU UXOH$SUDFWLFDO DSSOLFDWLRQ RI WKLV LV GLUHFWLRQDO VROLGLILFDWLRQ RI
VLOLFRQ)RUHOHPHQWVZLWKDVPDOOGLVWULEXWLRQFRHIILFLHQWLWLVSRVVLEOHWR
SXULI\DQ LQJRW LQDZD\ZKHUH WKHEXONSDUWRI WKH LPSXULW\HOHPHQWV
HQGVXSLQWKHODVWSDUWWRVROLGLI\JLYHQWKDWWKHSODQDUIURQWGRHVQRW
EHFRPH XQVWDEOH 7KLV LV D JRRG PHWKRG WR UHPRYH HJ LURQ DQG
DOXPLQLXPEXW IRUHOHPHQWVVXFKDV3DQG%WKDWKDYHDVHJUHJDWLRQ
FRHIILFLHQWFORVH WRXQLW\VHH7DEOHGLUHFWLRQDOVROLGLILFDWLRQ LVQRW
DVHIILFLHQW








7KHUPRG\QDPLFVRIVROLGLILFDWLRQ

 
7DEOH'LVWULEXWLRQFRHIILFLHQWVLQVLOLFRQIRUDVHOHFWLRQRIHOHPHQWV
$WRP NNHII 5HIHUHQFH $WRP NNHII 5HIHUHQFH
$O   1L  
%   2  
&   3  
&D   6Q  
&U   7L  
&X   9  
)H   =Q  
0J   =U  
0Q   1  
0R   :  
7UXPERUH =XOHKQHUDQG+XEHU 6LJPXQG +XOO 
+RSNLQV

7DEOH0D[LPXPVROLGVROXELOLWLHVIRUDVHOHFWLRQRIHOHPHQWV
$WRP
0D[LPXP
6ROLG
6ROXELOLW\
DWFP
5HIHUHQFH $WRP
0D[LPXP
6ROLG
6ROXELOLW\
DWFP
5HIHUHQFH
$O   1  
%   1L  
&   2  
&X   3  
)H   6Q  
0Q   =Q  
7UXPERUH+XOO

$W KLJKHU JURZWK UDWHV WKH GLVWULEXWLRQ FRHIILFLHQW ZLOO QRW HTXDO WKH
HTXLOLEULXP GLVWULEXWLRQ FRHIILFLHQW EXW LW ZLOO LQFUHDVH DV\PSWRWLFDOO\
WRZDUGVIRUN7KHGLVWULEXWLRQFRHIILFLHQWFDQDFFRUGLQJWR%XUWRQ
HWDOEHH[SUHVVHGDV

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
ZKHUH9LVWKHJURZWKUDWHRIWKHLQWHUIDFHɁWKLFNQHVVRIWKHERXQGDU\
OD\HU DQG '/ WKH GLIIXVLRQ FRHIILFLHQW RI WKH LPSXULW\ LQ WKH PHOW $W
KLJKHUJURZWKUDWHVPRUHLPSXULWLHVZLOOEHLQFRUSRUDWHGLQWRWKHVLOLFRQ
FU\VWDO

7KHRUHWLFDO%DFNJURXQG


 1XFOHDWLRQDQGJURZWK
(YHQ WKRXJK WKHUPRG\QDPLFV SUHGLFWV WKH SKDVHV WKDW DUH VWDEOH DW
HTXLOLEULXPWKHUPRG\QDPLFVZLOOQRWSUHGLFWWKHWLPHIRUHTXLOLEULXPWR
EHUHDFKHG%HIRUHDVROLGFDQVWDUWWRJURZWKHILUVWVROLGQXFOHXVQHHGV
WREHIRUPHG,QDPHOWWKHUHDUHUDQGRPIOXFWXDWLRQVRIDWRPVDQGDWD
JLYHQPRPHQW WKHUHZLOO EH D FHUWDLQ DPRXQW RI FOXVWHUVGXH WR WKHVH
IOXFWXDWLRQV,IDFOXVWHULVODUJHUWKDQDFULWLFDOVL]HDVWDEOHQXFOHXVLV
IRUPHG DQG FDQ FRQWLQXH WR JURZ E\ DGGLQJ DWRPV DUULYLQJ DW WKH
QXFOHXV 'XULQJ WKH WUDQVIRUPDWLRQ IURP RQH SKDVH WR DQRWKHU WKH
DWRPVPXVWEH DUUDQJHG LQWRQHZSRVLWLRQV  7KLV WUDQVLWLRQ FDQRQO\
RFFXULIWKHSUREDELOLW\RIWKHWUDQVIHURIDWRPVIURPWKHSDUHQWSKDVHWR
WKH SURGXFW SKDVH LV KLJKHU WKDQ WKH RSSRVLWH WUDQVIHU .XU] DQG
)LVFKHU
 1XFOHDWLRQ
,QSXUHPDWHULDOVWKHVROLGLVIRUPHGIURPLWVRZQPHOWZLWKRXWWKHKHOS
RI IRUHLJQPDWHULDOV ,Q RUGHU WR GR VR D ODUJH HQHUJ\ EDUULHUPXVW EH
VXUSDVVHG  7KLV SURFHVV LV QDPHG KRPRJHQHRXV QXFOHDWLRQ $Q
H[SUHVVLRQIRUWKHIUHHHQHUJ\FKDQJHLQYROYHGLQWKHWUDQVLWLRQEHWZHHQ
OLTXLGDQGVROLGLVJLYHQLQWKHHTXDWLRQEHORZ

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ZKHUHƦ*LLVWKHIUHHHQHUJ\RIIRUPDWLRQRIRQHFOXVWHUZLWKLDWRPV9
LVWKHYROXPHRIWKHFOXVWHU9VLVWKHPRODUYROXPHƦ*WKHGULYLQJIRU
VROLGLILFDWLRQ$WKHVXUIDFHDUHDDQGǔWKHVXUIDFHWHQVLRQEHWZHHQWKH
OLTXLGDQGWKHVROLG)RUVPDOOSDUWLFOHVWKHVXUIDFHHQHUJ\WKHVHFRQG
WHUPLQWKHHTXDWLRQSOD\VDODUJHUROHGHWHUPLQLQJWKHWRWDOIUHHHQHUJ\
RI WKHSDUWLFOHV7KHEXONHQHUJ\ WKH ILUVW WHUPGRPLQDWHVDWD ODUJHU
UDGLXV$FOXVWHUQHHGVWREHODUJHUWKDQDFULWLFDOUDGLXVLQRUGHUWREH
VWDEOH DQG JURZ  7KLV FULWLFDO UDGLXVZLOO GHFUHDVHZLWK WKH GHJUHH RI
XQGHUFRROLQJƦ7DVVHHQIURP(TXDWLRQEHORZ
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7KHFULWLFDOIUHHHQHUJ\RIIRUPDWLRQIRUWKHFOXVWHULVJLYHQLQHTXDWLRQ


1XFOHDWLRQDQGJURZWK
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
7KHQXFOHDWLRQUDWHFDQEHZULWWHQDV
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
 ZKHUH -R LV WKH GHQVLW\ RI DYDLODEOH QXFOHDWLRQ VLWHV DQG N LV
%ROW]PDQQ·VFRQVWDQW&DQWRUDQG1DEDUUR7KHQXFOHDWLRQUDWH
LQFUHDVH ZLWK LQFUHDVHG XQGHUFRROLQJ )RU PHWDOV WKH PD[LPXP
XQGHUFRROLQJ DWWDLQHG DURXQG LV  RI WKH DEVROXWH PHOWLQJ SRLQW
DFFRUGLQJ WR GLIIHUHQW VWXGLHV )OHPLQJV  7KH EDUULHU WR
QXFOHDWLRQ FDQ EH UHGXFHG ZKHQ WKH QXFOHDWLRQ VWDUWV DW IRUHLJQ
SDUWLFOHVDQGLQSUDFWLFHPRVWOLTXLGVVWDUWWRFU\VWDOOL]HRQO\ZLWKDIHZ
GHJUHHV RI XQGHUFRROLQJ 7KLV LV WHUPHG KHWHURJHQHRXV QXFOHDWLRQ
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DQG6YHUGOLQDUHDOVRLOOXVWUDWHGLQ)LJXUH'HFUHDVLQJWKH
FRROLQJUDWHLQFUHDVHVWKHPRUSKRORJLFDOVSDFLQJLQDJUHHPHQWZLWKWKH
PRGHOE\.DWWDPLVHWDO

 +HDWWUDQVSRUWGXULQJVROLGLILFDWLRQ
6ROLGLILFDWLRQRIDPDWHULDOLQYROYHVWKHH[WUDFWLRQRIKHDWIURPWKHPHOW
WRDPELHQWWHPSHUDWXUH$VWKHKHDWLVH[WUDFWHGWKHUHZLOOEHDFKDQJH
LQWKHHQWKDOS\RIWKHPDWHULDOGXHWRFRROLQJƦ+ FSG7DQGGXHWRWKH
WUDQVLWLRQ IURP OLTXLG WR VROLG ƦI+ ZKLFK LV WKH ODWHQW KHDW RI WKH
PDWHULDO,Q)LJXUHƦ+LVUHSUHVHQWHGDVDIXQFWLRQRIWHPSHUDWXUH
IRUVHYHUDOIHUURVLOLFRQDOOR\VZLWKLQFUHDVLQJVLOLFRQFRQWHQW,WLVVHHQ
WKDWWKHODWHQWKHDWZKLFKLQWKHILJXUHLVUHSUHVHQWHGDVDMXPSLQƦ+
DW WKHPHOWLQJ WHPSHUDWXUH LQFUHDVHV ZLWK LQFUHDVLQJ VLOLFRQ FRQWHQW
7KHODWHQWKHDWLVDPDWHULDOSURSHUW\DQGIRUVLOLFRQWKHODWHQWKHDWLV
DERXWWLPHVODUJHUWKDQIRUPRVWPHWDOVƦ+ILVN-PROIRUVLOLFRQ
ZKLOH LW LV RQO\  N- PRO DQG  N-PRO IRU LURQ DQG DOXPLQLXP
UHVSHFWLYHO\$\OZDUGDQG)LQGOD\


)LJXUH(QWKDOS\LQ)H6LDOOR\VLQWKHUDQJHRI&7YHLWDGDSWHG
E\.OHYDQ
³ ' FG7+
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7KHRUHWLFDO%DFNJURXQG


 0HFKDQLVPVRIKHDWWUDQVIHU
7KH WKUHH PDLQ PHFKDQLVPV RI KHDW WUDQVIHU DUH FRQGXFWLRQ
FRQYHFWLRQDQGUDGLDWLRQ,QFURSHUDDQG'H:LWW

&RQGXFWLRQLQYROYHVWKHWUDQVSRUWRIKHDWWKRXJKPROHFXODUPRYHPHQWV
LQD VROLG JDVRU OLTXLG7KHUH LVQREXONPRYHPHQWEXWKHDW FDQEH
FRQGXFWHG E\ DQ HQHUJ\ WUDQVIHU EHWZHHQ DGMDFHQW PROHFXOHV GXH WR
ODWWLFH YLEUDWLRQDO ZDYHV DQG PLJUDWLRQ RI IUHH HOHFWURQV  +LJKHU
WHPSHUDWXUHVLQYROYHKLJKHUPROHFXODUHQHUJLHVDQGZKHQSDUWLFOHVZLWK
DKLJKOHYHORIHQHUJ\FROOLGHZLWKSDUWLFOHVZLWKOHVVHQHUJ\WKHUHZLOOEH
D WUDQVIHU RI HQHUJ\ EHWZHHQ WKH SDUWLFOHV 7KHQHW IOX[ RI WKHKHDW LV
WRZDUGV ORZHU WHPSHUDWXUHUHJLRQ$QH[DPSOHRIKHDWFRQGXFWLRQFDQ
EHGLSSLQJDPHWDO VSRRQ LQWR D JODVV RI FROGZDWHU(YHQ WKRXJK WKH
ZKROHVSRRQ LVQRW LQFRQWDFWZLWK WKHZDWHU WKHPHWDOZLOO UHDFKWKH
VDPHWHPSHUDWXUHDVWKHZDWHUDIWHUDZKLOH7KHUDWHRIKHDWWUDQVIHU
E\FRQGXFWLRQFDQEHH[SUHVVHGE\)RXULHUVODZ

 < ĚdƋ Ŭ
Ěǆ

LQ:PZKHUHNLVWKHWKHUPDOFRQGXFWLYLW\RIWKHPDWHULDO0HWDOV
W\SLFDOO\KDYHKLJKWKHUPDOFRQGXFWLYLW\ZKLOHLVRODWLQJPDWHULDOVKDYHD
ORZWKHUPDOFRQGXFWLYLW\

&RQYHFWLRQ LQYROYHV KHDW WUDQVIHU E\ EXON PRWLRQ DQG PL[LQJ
*HDQNRSOLV ,WGHVFULEHVWKHHQHUJ\WUDQVIHUEHWZHHQDPRYLQJ
IOXLGDQGDVXUIDFH&ORVHWRWKHVXUIDFHWKHPHFKDQLVPZLOOEHE\WKH
GLIIXVLRQRIKHDWZKLOHIXUWKHUDZD\WKHPHFKDQLVPLVXVXDOO\E\EXON
PRWLRQRIIOXLGSDUWLFOHV$ERXQGDU\OD\HUDQGWHPSHUDWXUHDQGYHORFLW\
SURILOHVGHYHORSVDWWKHVXUIDFH$QH[DPSOHRIFRQYHFWLRQLVEORZLQJDLU
RYHUDKRWFXSRIFKRFRODWHWRPDNHLWFRROIDVWHU7KLVLVQDPHGIRUFHG
FRQYHFWLRQ &RQYHFWLRQ FDQ DOVR EH QDWXUDO VXFK DV IORZ GXH WR
WHPSHUDWXUHGLIIHUHQFHVLQDIOXLG$WGLIIHUHQWWHPSHUDWXUHVWKHGHQVLW\
ZLOOGLIIHUDQGDORZGHQVLW\OLTXLGZLOOULVHZKLOHKLJKGHQVLW\OLTXLGZLOO
VLQN7KHUDWHRIWKHFRQYHFWLYHKHDWWUDQVIHUFDQEHZULWWHQDV1HZWRQV
ODZRIFRROLQJ
f 
<
; ͿƐƋ Ś d d 

 LQ :PZKHUHK LV WKH FRQYHFWLYHKHDW WUDQVIHU FRHIILFLHQW DQG7V
DQG7WKHVXUIDFHDQGIOXLGWHPSHUDWXUHUHVSHFWLYHO\7KHFRQGXFWLYH
+HDWWUDQVSRUWGXULQJVROLGLILFDWLRQ

 
KHDW WUDQVIHU FRHIILFLHQW GHSHQGV RQ WKH FRQGLWLRQV DW WKH ERXQGDU\
OD\HU EHWZHHQ WKH VXUIDFH DQG WKH IOXLG 8VLQJ (TXDWLRQ 
FRQYHFWLYHKHDWWUDQVIHULVVHWWREHSRVLWLYHLIKHDWLVWUDQVIHUUHGIURP
WKHVXUIDFH7V!7DQGQHJDWLYHLIKHDWLVWUDQVIHUUHGWRWKHVXUIDFH7
!7V,QFURSHUDDQG'H:LWW

(QHUJ\FDQDOVREHWUDQVIHUUHGE\PHDQVRIHOHFWURPDJQHWLFZDYHV7KLV
IRUP RI HQHUJ\ WUDQVIHU LV WHUPHG UDGLDWLRQ $Q H[DPSOH LV WKH KHDW
HPLWWHG IURP WKH VXQ7KH UDWH DWZKLFK WKH HQHUJ\ LV HPLWWHG IURPD
VXUIDFH LV FDOOHG WKH HPLVVLYH SRZHU ( 7KH XSSHU OLPLW WR UDGLDWLRQ
RFFXUV IRU DQ LGHDO VXUIDFHQDPHG D SHUIHFW EODFN ERG\ 7KH HPLVVLYH
SRZHULVWKHQ

V ϰď Ɛ d 

JLYHQLQ:P7VLVWKHDEVROXWHWHPSHUDWXUHDWWKHVXUIDFHDQGǔLV
WKH6WHIDQ%ROW]PDQQFRQVWDQW

7KHHPLVVLYLW\ǆRIDSHUIHFWEODFNERG\HTXDOV)RUDERG\WKDWLVQRW
DEODFNERG\ǆ7KHHPLVVLYHSRZHUFDQWKHQEHZULWWHQDV

VH ϰƐ d 

7KHVXUIDFHZLOODOVRDEVRUEVRPHUDGLDWLRQIURPWKHVXUURXQGLQJVDQG
WKLVFDQEHGHVFULEHGDV

D DV  ϰĂďƐ ƐƵƌ' ' d 

ĮLVWKHDEVRUSWLYL\DQGKDVDYDOXHEHWZHHQDQG$VVXPLQJWKDWĮ
DQG ǆ DUH HTXDO WKH QHW KHDW WUDQVIHU GXH WR UDGLDWLRQ FDQ WKHQ EH
ZULWWHQDVWKHFRPELQDWLRQRI(TXDWLRQVDQG
VH < ϰ ϰ ; Ϳ
Ɛ ƐƵƌ
Ƌ d d 

7KHUDGLDWLYHDQGWKHFRQYHFWLYHKHDWWUDQVIHUFDQEHFRPELQHGLQWRRQH
HTXDWLRQGHVFULELQJWKHKHDWWUDQVIHUIURPDVXUIDFH
VHf   
<
ϰ ϰ;d d Ϳ ; Ϳ
Ɛ ƐƵƌƐƋ Ś d d 

7KHRUHWLFDO%DFNJURXQG


$WWHPSHUDWXUHVZKHUH7V!!!7VXUWKHUDGLDWLYHWHUPZLOOGRPLQDWHZKLOH
DWORZHUWHPSHUDWXUHVWKHFRQYHFWLYHWHUPZLOOGRPLQDWH
 6ROLGLILFDWLRQLQDQLQGXVWULDOVL]HGPRXOG
,QWKHIROORZLQJVHFWLRQVROLGLILFDWLRQLQDPRXOGFRYHUHGLQILQHVZLOOEH
XVHG DV DQ H[DPSOH RI KHDW WUDQVIHU GXULQJ VROLGLILFDWLRQ 7KH HQHUJ\
WKDW QHHGV WR EH WUDQVSRUWHG LQ RUGHU IRU WKHPHOW WR FRRO WR DPELHQW
WHPSHUDWXUH LV WKH HQHUJ\ UHODWHG WR WKH UHGXFWLRQ LQ HQWKDOS\ GXULQJ
FRROLQJ Ʀ+ &SG7 DQG WKH HQHUJ\ UHODWHG WR WKH SKDVH WUDQVIHU IURP
OLTXLGWRVROLGƦI+

:LWK WKH FRROLQJ UDWHV XVHG LQ LQGXVWULDO FDVWLQJ RI VLOLFRQ DQG
IHUURVLOLFRQ WKH UDWH RI KHDW UHPRYDO ZLOO PDLQO\ GHSHQG RQ WKH
UHVLVWDQFH WR KHDW WUDQVIHU WR WKH VXUURXQGLQJV ,W VHHPV WKDW WKH
FRQGXFWLYLW\LQVLOLFRQIHUURVLOLFRQLVRQO\GHFLVLYHDWYHU\KLJKFRROLQJ
UDWHV7KLVPHDQVWKDWWKHFRROLQJUDWHFDQEHDOWHUHGE\FKDQJLQJWKH
PRXOG PDWHULDO 7KLV LV LOOXVWUDWHG LQ WKH WKHVLV E\ 7YHLW  $
VNHWFKRIWKHVROLGLILFDWLRQRIVLOLFRQLQDPRXOGFRYHUHGLQILQHVLVJLYHQ
LQ)LJXUHDWGLIIHUHQWVQDSVKRWVLQWRWKHVROLGLILFDWLRQ

)LJXUH+HDWIORZGXULQJVROLGLILFDWLRQWLPHWWWW7KHPRXOGLVLOOXVWUDWHG
LQEODFNWKHILQHVLQGDUNJUH\OLTXLGVLOLFRQLQRUDQJHDQGVROLGVLOLFRQLQOLJKWJUH\
WLVDVQDSVKRWSULRUWRILOOLQJWKHPRXOG7KHPRXOGILQHVOD\HUKDVD
WHPSHUDWXUHHTXDOWRWKHVXUURXQGLQJV

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+HDWWUDQVSRUWGXULQJVROLGLILFDWLRQ

 
W LV VWUDLJKW DIWHU ILOLQJ RI WKH PRXOG 7PHOW7PRXOG LV ODUJH DQG WKH
VROLGLILFDWLRQ VWDUWV LQVWDQWO\ FORVH WR WKH PRXOG ZDOO )URP WKH WRS
VXUIDFHKHDWZLOOEH ORVW LQDFRPELQDWLRQRI UDGLDWLRQDQGFRQYHFWLRQ
DQGFDQEHJLYHQE\(TXDWLRQDWDJLYHQPRPHQW$VVXPLQJDORZ
RYHUWHPSHUDWXUHLQWKHPHOWWKHVXUIDFHVROLGLILHVUDSLGO\7KHUDGLDWLYH
WHUPZLOOGRPLQDWHZKHQWKHVXUIDFHWHPSHUDWXUHLVPXFKKLJKHUWKDQ
WKH VXUURXQGLQJ WHPSHUDWXUH 7KURXJK WKH VROLG VLOLFRQ PRXOGILQHV
OD\HU KHDW ZLOO EH WUDQVSRUWHG E\ FRQGXFWLRQ (TXDWLRQ  $V
GHVFULEHGDERYHKHDW UHPRYDOZLOOPDLQO\GHSHQGRQ WKH UHVLVWDQFH WR
KHDWWUDQVIHUWRWKHVXUURXQGLQJVZKLFKIRUWKH ORZHUSDUWZLOOEHWKH
PRXOGILQHV$W WKHVROLG OLTXLG LQWHUIDFH ODWHQWKHDWZLOOEHJHQHUDWHG
DQGWKLVKHDWDOVRQHHGVWREHUHPRYHG,QOLTXLGVLOLFRQWKHUHZLOOEH
IORZ GXH WR GHQVLW\ GLIIHUHQFHV ZKLFK ZLOO UHVXOW LQ FRQYHFWLYH KHDW
WUDQVIHU6ROLGVLOLFRQKDVDORZHUGHQVLW\FRPSDUHGWROLTXLGVLOLFRQDQG
WKLV GHQVLW\ GLIIHUHQFH LV HQKDQFHG GXH WR WKH HQULFKPHQW RI DOOR\LQJ
HOHPHQWVLQWKHOLTXLGGXULQJVROLGLILFDWLRQ,QWKHFDVHRIVROLGLILFDWLRQ
IURPWKHWRSVXUIDFHWKLVOHDGVWRORZGHQVLW\VLOLFRQIORDWLQJDWWKHWRS
ZKLOHKLJKHUGHQVLW\OLTXLGHQULFKHGLQLPSXULW\HOHPHQWVZLOOVLQN

W )RU D JLYHQ SRVLWLRQ WKH KHDW ZLOO EH WUDQVSRUWHG LQ WKH GLUHFWLRQ
ZKHUH WKHUH LV OHDVW UHVLVWDQFH WR KHDW WUDQVSRUW 7KDW LV ZKHUH WKH
WHPSHUDWXUHJUDGLHQW LV ODUJHVW'HSHQGLQJRQWKHPRXOGPDWHULDODQG
WKHVL]HRI WKH ILQHVKHDWZLOOSUHIHUHQWLDOO\EH WUDQVSRUWHGXSZDUGVRU
GRZQZDUGV ,Q )LJXUH  WKH SRVLWLRQV D DQG E DW WLPH W DUH
H[DPLQHG)RUSRLQWD WKH WHPSHUDWXUHDERYH WKDW LV LQ WKH OLTXLG LV
KLJKHUWKDQWKHWHPSHUDWXUHEHORZVRWKHKHDWZLOOEHUHPRYHGLQWKH
GLUHFWLRQZKHUHWKHWHPSHUDWXUHJUDGLHQWLVQHJDWLYHWRZDUGVWKHPRXOG
)RUSRLQWEWKHWHPSHUDWXUHEHORZWKDWLVLQWKHOLTXLGLVKLJKHUWKDQ
DERYH VR WKH KHDW ZLOO EH UHPRYHG WRZDUG WKH WRS VXUIDFH 7ZR
VROLGLILFDWLRQ IURQWV ZLOO GHYHORS RQH PRYLQJ GRZQZDUGV DQG RQH
PRYLQJXSZDUGVDQGWKHUDWHRIWKHLUPRYHPHQWZLOOGHSHQGRQKRZIDVW
WKHKHDWLVUHPRYHGIURPWKHWRSDQGERWWRP

W 6LQFH WKHUH KDV EHHQ DQ DFFXPXODWLRQ RI DOOR\LQJ HOHPHQWV LQ WKH
OLTXLG GXULQJ VROLGLILFDWLRQ WKH DUHD ZKHUH WKH WZR IURQWV PHHW LV
HQULFKHGLQDOOR\LQJHOHPHQWV,IWKHKHDWKDVEHHQUHPRYHGIDVWHUIURP
WKH WRS WKDQ WKHERWWRP WKH IURQWVPHHW FORVHU WR WKHPRXOG WKDQ WKH
WRSVXUIDFH
7KHRUHWLFDO%DFNJURXQG


 0DJQHWLFVHSDUDWLRQ
$FFRUGLQJ WR2EHUWHXIIHU PDJQHWLFVHSDUDWLRQ LVFRQYHQWLRQDOO\
XVHGIRUWZRJHQHUDOSXUSRVHV

 3XULILFDWLRQRIIHHGVZLWKPDJQHWLFFRPSRQHQWV
 &RQFHQWUDWLRQRIPDJQHWLFPDWHULDOV

)RU VLOLFRQ WKDW FRQWDLQV D FHUWDLQ DPRXQW RI LQWHUPHWDOOLFSKDVHV WKH
REMHFWLYHLVWRVHSDUDWHWKHLQWHUPHWDOOLFSKDVHVIURPVLOLFRQLQRUGHUWR
REWDLQ D SXULILHG SURGXFW 7KH GHJUHH RI SXULILFDWLRQ ZLOO GHSHQG RQ
VHYHUDOIDFWRUVVXFKDVGHVLJQRIWKHVHSDUDWLRQGHYLFHPDJQHWLFILHOG
SDUWLFOHVL]HDQGPDJQHWLFVXVFHSWLELOLW\RIWKHLQWHUPHWDOOLFSKDVHV7KH
VXVFHSWLELOLW\LVDPHDVXUHRIKRZPXFKDPDWHULDOZLOODIIHFWDQHOHFWULF
ILHOG 7KH IROORZLQJ SUHVHQWV DQ LQWURGXFWLRQ WR PDJQHWLVP DQG
PDJQHWLF VHSDUDWLRQ 7KH WKHRU\ LV FROOHFWHG IURP2EHUWHXIIHU 
;LRQJHWDO6DQGYLNHWDO6KHUUHOODQG'XQQ
DQG=XPGDKO
 0DJQHWLVP
,Q%RKUCVDWRPLFPRGHOWKHDWRPLVEXLOWXSE\DSRVLWLYHO\FKDUJHGFRUH
VXUURXQGHG E\ QHJDWLYHO\ FKDUJHG HOHFWURQV SRVLWLRQHG LQ GLIIHUHQW
RUELWDOV,QWKHPROHFXODURUELWDOWKHRU\WKHDWRPLFRUELWDOVERQGZKLFK
UHVXOWV LQ RUELWDOV ZLWK HQHUJ\ OHYHOV ERWK KLJKHU DQG ORZHU WKDQ WKH
RULJLQDO RUELWDOV  7KH RUELWDOV DUH ILOOHG ZLWK HOHFWURQV LQ VXEVHTXHQW
RUGHU VWDUWLQJZLWK WKH ORZHVW O\LQJ RUELWDO  7KHHOHFWURQVDUHXVXDOO\
DUUDQJHG LQ SDLUV ZLWK RSSRVLWH VSLQV WKDW ZLOO FDQFHO WKH PDJQHWLF
PRPHQWXP:KHQ D VDPSOH RI D QRQPDJQHWLFPDWHULDO LV SXW LQWR D
PDJQHWLF ILHOG WZR W\SHV RIPDJQHWLVP DUH LQGXFHG ,I WKHPDWHULDO LV
DWWUDFWHG WR WKH LQGXFLQJPDJQHWLF ILHOG LW LVDSDUDPDJQHWLFPDWHULDO
QRWDOOHOHFWURQVDUHSDLUHGDVIRU2,IWKHPDWHULDOLVUHSHOOHGE\WKH
PDJQHWLFILHOGLWLVDGLDPDJQHWLFPDWHULDODOOHOHFWURQVDUHSDLUHGWKLV
LV WKHFDVH IRU1 =XPGDKO(OHPHQWV WKDWDUHFORVH WR LURQ LQ
WKH SHULRGLF WDEOH KDYH D ORW RI XQSDLUHG HOHFWURQV DQG VSRQWDQHRXVO\
PDJQHWL]HWKH\DUHQDPHGIHUURPDJQHWLFPDWHULDOV,QDQLQGXFHGILHOG
IHUURPDJQHWLF VXEVWDQFHV ZLOO RUGHU SDUDOOHO WR WKH ILHOG DQG WKH WRWDO
ILHOGFDQEHVWURQJ

$PHDVXUH RIWHQXVHGZKHQ WDONLQJ DERXWPDJQHWLVP LV WKHPDJQHWLF
VXVFHSWLELOLW\ RI DPDWHULDO ǘ)RUDSDUDPDJQHWLFPDWHULDOǘ!ZKLOH
IRU D GLDPDJQHWLF PDWHULDO ǘ )RU SDUDPDJQHWLF VXEVWDQFHV WKH
0DJQHWLFVHSDUDWLRQ

 
PDJQHWLF VXVFHSWLELOLW\ GHFUHDVHVZLWK WHPSHUDWXUH )RU IHUURPDJQHWLF
VXEVWDQFHV LW LV GHSHQGHQW RQ ERWK WHPSHUDWXUH DQG ILHOG VWUHQJWK
ZKLOH IRU D GLDPDJQHWLF PDWHULDO LW LV DOZD\V QHJDWLYH QR PDWWHU WKH
WHPSHUDWXUHDQGILHOGVWUHQJWK

7KH PDJQHWLF IRUFH DFWLQJ RQ D SDUWLFOH LQ D PDJQHWLF ILHOG FDQ EH
H[SUHVVHGLQWKHVLPSOLILHGHTXDWLRQEHORZ6DQGYLNHWDO

P P Ϭ; Ϳ ; ϭͿŵ ƌĚ,& s, Ĩ ƵĚǆ 

9LVWKHYROXPHRIWKHSDUWLFOHIXWKHVKDSHIDFWRU+WKHILHOGVWUHQJWK
G+G[ WKH JUDGLHQW RI WKH ILHOG VWUHQJWK ǍU DQG ǍR  WKH UHODWLYH
SHUPHDELOLW\   DQG WKH SHUPHDELOLW\ LQ YDFXXP UHVSHFWLYHO\ 7KH
DEVROXWH SHUPHDELOLW\ GHSHQGHQW RQ WKH PDWHULDO DQG WKH UHODWLYH
SHUPHDELOLW\FDQEHUHODWHGWRWKHVXVFHSWLELOLW\LQWKHHTXDWLRQEHORZ

P F ϭƌ 

)URP WKLV LW LV VHHQ DV JLYHQ DERYH WKDW )P ZLOO EH QHJDWLYH IRU D
GLDPDJQHWLFPDWHULDODQGSRVLWLYHIRUSDUDPDJQHWLFPDWHULDOV

:KHQDPDWHULDOLVWREHVHSDUDWHGWKHUHZLOOEHDFRPSHWLWLRQEHWZHHQ
VHYHUDOIRUFHVDVLOOXVWUDWHGLQ)LJXUH7KHPDJQHWLFIRUFH)0ELQGV
WKHPDJQHWLFSDUWLFOHWRWKHPDJQHWL]HGZLUHZKLOHWKHFRPSHWLQJIRUFHV
)FVXFKDVJUDYLW\DQGK\GURG\QDPLFGUDJIRUFHSXOOVWKHSDUWLFOHDZD\
IURPWKHPDJQHWL]HGZLUH$WWUDFWLRQEHWZHHQ WKHSDUWLFOHV)L VXFKDV
HOHFWURVWDWLFVDQGVXUIDFHFKHPLFDOGRXEOHOD\HUIRUFHVZLOOGHFLGHKRZ
PDQ\QRQPDJQHWLFSDUWLFOHVWKDWZLOOMRLQWKHPDJQHWLFIUDFWLRQ

7KHRUHWLFDO%DFNJURX

)LJXUH)RUFHVDFWLQJ
2EHUWHXIIHU
7KHHIILFLHQF\RIWKHP

5HFRYHU\5PUDWLRRIP
WRWKDWLQWKHIHHG

*UDGH*PWKHIUDFWLR

7KHJUDGHFDQEHGHILQ
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RQDSDUWLFOHDWWUDFWHGWRDPDJQHWL]HGZLUH
DJQHWLFVHSDUDWLRQFDQEHUHSRUWHGD
DJQHWLFPDWHULDOLQWKHPDJQHWLFIUD
QRIPDJQHWLFPDWHULDOVLQWKHPDJQH
HGDV
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V UDWLR EHWZHHQ WKH QRQPDJQHWLF D
QG5QPLVWKHUHFRYHU\RIQRQPDJQ
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WLFSDUWLFOHVLVJLYHQLQWKHHTXDWLRQE
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QDOLW\FRQVWDQW
RQPDJQHWLF SDUWLFOHV ZLOO GHSHQG
FRPSHWLQJIRUFHVDVVKRZQEHORZ

XDWLRQ  WKH IROORZLQJ H[SUHVVLRQ
E\DIRUFH)0
V
FWLRQUHODWLYH
WLFIUDFWLRQ

QGPDJQHWLF
HWLFSDUWLFOHV
HORZ

RQ WKH LQWHU

 LV JLYHQ IRU
0LFURKDUGQHVV
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,WLVVHHQWKDW5PLQFUH
PDJQHWLFIRUFHLQFUHDV
JUDGHZLOOEHUHGXFHG
JUDGH
 0LFURKDU
+DUGQHVVLVDPHDVXUH
GHIRUPDWLRQ 7KH ORZ
GHHSHUWKHLQGHQWLRQL
5HWKZLVFK  $
KDUGPDWHULDOLVEULWWOH

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
7KHKDUGQHVVFDQEHF
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ZKHUH3 LV WKH ORDG
DQG5HWKZLVFK
 ϮϬ͘ϭϴϵϭ &,s Ě 



DVHVZKHQWKHFRPSHWLQJIRUFHVGHF
HV+RZHYHUDVWKHFRPSHWLQJIRUFHV
,QFUHDVHGLQWHUSDUWLFOHIRUFHZLOODO
GQHVV
RIWKHUHVLVWDQFHRIDPDWHULDOWRORF
HU WKH KDUGQHVV LQGH[ QXPEHU WK
VWKDWLVWKHVRIWHUWKHPDWHULDOLV
PDWHULDO WKDW LV VRIW LV XVXDOO\ GX



LFNHUVKDUGQHVVPHDVXUHPHQWV,62
DOFXODWHGIURPWKHHTXDWLRQEHORZ

LQNJDQGGWKHPHDQGLDJRQDO LQP
7KHHTXDWLRQFDQDOVREHZULWWHQDV


UHDVHDQGWKH
GHFUHDVHWKH
VRUHGXFHWKH
DOL]HGSODVWLF
H ODUJHU DQG
&DOOLVWHUDQG
FWLOH ZKLOH D



P &DOOLVWHU


7KHRUHWLFDO%DFNJURXQG


ZKHUHLVWKHFRQYHUVLRQIDFWRUIURPPDVVWRIRUFH)LVWKHIRUFH
LQ1DQGGWKHPHDQGLDJRQDOLQPP,62
 6ROLGLILFDWLRQ RI 0*6L DQG LWV DOOR\V 
OLWHUDWXUHVWXG\
7KHSURGXFWLRQRIPHWDOOXUJLFDOJUDGHVLOLFRQZDVRXWOLQHGLQ&KDSWHU
,URQDOXPLQLXPFDOFLXPDQGWLWDQLXPDUHXVXDOO\WKHPDLQLPSXULWLHV
DQGZLOOLQWKLVZRUNEHUHIHUUHGWRDVDOOR\LQJHOHPHQWV2WKHUHOHPHQWV
DUH UHIHUUHG WR DV WUDFH HOHPHQWV  'XULQJ WKH V PXFK RI WKH
UHVHDUFK UHJDUGLQJ VROLGLILFDWLRQ RI 0*6L IRFXVHG RQ KRZ WKH
VROLGLILFDWLRQZRXOGLQIOXHQFHWKHGLUHFWV\QWKHVLV7KHEXONSDUWRIWKLV
OLWHUDWXUHLVSXEOLVKHGLQFRQQHFWLRQZLWKWKHFRQIHUHQFH6LOLFRQIRUWKH
&KHPLFDO DQG 6RODU &HOO ,QGXVWU\ 7KH ,QWHUQDWLRQDO )HUUR $OOR\
FRQIHUHQFH ,1)$&21 KDV DOVR EHHQ UHSUHVHQWHG ZLWK FRQWULEXWLRQV
IURP WKH LQGXVWU\ )RU PHWDOOXUJLFDO JUDGH VLOLFRQ VHYHUDO RI WKHVH
SXEOLFDWLRQV KDYH GHVFULEHG WKHPLFURVWUXFWXUH RIPHWDOOXUJLFDO JUDGH
VLOLFRQDQGWKHHIIHFWRIFRROLQJUDWH([DPSOHVDUHWKHSXEOLFDWLRQVE\
$QJOH]LR HW DO  'XEURXV DQG $QJOH]LR  5RQJ 
6FKHLHWDO 0DUJDULD 0DUJDULD DQG0HWHOHYD
)LVFKHU HW DO  7KHSXEOLFDWLRQV JLYH D WKRURXJKGHVFULSWLRQ RI
WKH LQWHUPHWDOOLF SKDVHV IRXQG LQ 0*6L DQG HPSKDVLVH WKH HIIHFW RI
FRROLQJ UDWH RQ WKH GHJUHH RI JUDLQ FRDUVHQLQJ RI SULPDU\ VLOLFRQ
$PRQJVWRWKHUV0DUJDULDVWXGLHGWKHLQIOXHQFHRIFRROLQJUDWHRQ
WKH GLVWULEXWLRQ RI LQWHUPHWDOOLF SKDVHV DQG GHVFULEHG WKDW WKH
GLVWULEXWLRQ RI WKH LQWHUPHWDOOLF SKDVHVZDV GHWHUPLQHG E\ WKH VLOLFRQ
JUDLQVL]H,WZDVWKHUHIRUHGHSHQGHQWRQWKHFRROLQJUDWHLQWKHUHJLRQ
WKHJUDLQVL]HRISULPDU\VLOLFRQZDVGHILQHG5RQJRQWKHRWKHU
KDQG QRWHG WKDW WKH VKDSH RI WKH LQWHUPHWDOOLF SKDVHV FKDQJHGZKHQ
WKH FRROLQJ UDWH LQ WKH UHJLRQ DIWHU VROLGLILFDWLRQ RI SULPDU\ VLOLFRQ
GHFUHDVHG7KLVZDVDWWULEXWHGWRPLQLPL]LQJWKHVXUIDFHHQHUJ\

,QDGGLWLRQWR0*6LUHVHDUFKRQK\GURPHWDOOXUJLFDOOHDFKLQJRIDOOR\HG
VLOLFRQKDVDOVREHHQDQDUHDRILQWHUHVW7KLVLQFOXGHVWKHGHYHORSPHQW
RI WKH 6LOJUDLQ SURFHVV 7KH ODVW GHFDGHV WKH UHVHDUFK RQ VLOLFRQ IRU
VRODUDQGHOHFWURQLFDSSOLFDWLRQVKDVLQFUHDVHG

$VFDQEHVHHQIURP)LJXUHWKHGHPDQGIRUKLJKSXULW\VLOLFRQKDV
LQFUHDVHG GUDPDWLFDOO\ RYHU WKH ODVW  \HDUV 7KH LQFUHDVH KDV EHHQ
KLJKHVW IRU VLOLFRQ IRU VRODU DSSOLFDWLRQV OLVWHG DV 7&6 LQ WKH ILJXUH
ZKHUH WKH PDLQ SURFHVV LV WKH 6LHPHQV SURFHVV 1XPEHUV JLYHQ E\
6ROLGLILFDWLRQRI0*6LDQGLWVDOOR\VOLWHUDWXUHVWXG\

 
7UDQHOOHWDOVWDWHWKDWWKH6LHPHQVSURFHVVXVHVN:KNJ
VLOLFRQSURGXFHGDVRSSRVHGWRN:KNJIRUVLOLFRQSURGXFHGE\
WKHPHWDOOXUJLFDO URXWH )URP DQ HQHUJ\ SHUVSHFWLYH WKHPHWDOOXUJLFDO
URXWH LV WR EH SUHIHUUHG  7KH VLOLFRQ IURP WKHPHWDOOXUJLFDO URXWHZLOO
KRZHYHU FRQWDLQ PRUH LPSXULWLHV WKDQ WKH VLOLFRQ IURP WKH 6LHPHQV
SURFHVV 7KLV FDQ UHGXFH WKH HIILFLHQF\ RI WKH VRODU FHOO 6LQFH WKH
GHSRVLWVRISXUHUDZPDWHULDOVIRUWKHSURGXFWLRQRI0*6LLVUHGXFHGLW
FDQEHH[SHFWHGWKDWWKHSXULW\RI0*6LZLOOGHFUHDVHLQWKHIROORZLQJ
\HDUV,IUHILQLQJRI0*6LLVWREHFRVWHIILFLHQWWKHUHILQLQJWHFKQLTXHV
PXVWEHLPSURYHGRUQHZWHFKQLTXHVPXVWEHGHYHORSHG
 %LQDU\V\VWHPV
7KHELQDU\V\VWHPRIJUHDWHVWLQWHUHVWLQWKLVZRUNKDVEHHQWKHELQDU\
)H6LV\VWHP7KHSKDVHGLDJUDPLVJLYHQLQ)LJXUH


)LJXUH  %LQDU\ SKDVH GLDJUDP )H6L 0DVVDOVNL  6XSHULPSRVHG RQ WKH
GLDJUDPLVWKHODEHOOLQJXVHGLQWKLVZRUN+7)H6LDQG/7)H6L
)RU WKH SXUSRVH RI WKLV VWXG\ RQO\ WKH 6LULFK FRUQHU RI WKH SKDVH
GLDJUDPLVVWXGLHG)RUFRPSRVLWLRQVDERYHZW6L6LZLOOEHWKH
ILUVW SKDVH WR VROLGLI\ ,Q WKH WZRSKDVH UHJLRQ EHWZHHQ WKH OLTXLGXV
7KHRUHWLFDO%DFNJURXQG


WHPSHUDWXUH DQG WKH VROLGXV WHPSHUDWXUH DW  & SXUH VLOLFRQ
FU\VWDOVZLOOVROLGLI\ZKLOHWKHPHOWZLOOEHHQULFKHGLQLURQ$W&
WKH KLJK WHPSHUDWXUH SKDVH +7)H6L ZLOO VROLGLI\ ZLWK D VWUXFWXUDO
IRUPXOD LV FORVH WR )H6L $W DURXQG  & DQ HXWHFWRLG UHDFWLRQ LV
SUHGLFWHG IURP WKH SKDVH GLDJUDP +7)H6L WKH KLJK WHPSHUDWXUH
YHUVLRQ VKRXOG WUDQVIRUP LQWR /7)H6L WKH ORZ WHPSHUDWXUH YHUVLRQ
([DPLQDWLRQVRI0*6LKDYHLQGLFDWHGWKDWWKLVWUDQVIRUPDWLRQGRHVQRW
WDNHSODFHWRDJUHDWH[WHQWGH+XIIUHSRUWHGWKHPLQLPXPWLPH
IRU WKLV WUDQVIRUPDWLRQWREHFRPSOHWHG LVKDW&  7KLVPHDQV
WKDWWKHFRROLQJUDWHLQWKHFRQYHQWLRQDOFDVWLQJXVHGLQLQGXVWU\LVWRR
UDSLGIRUWKHWUDQVIRUPDWLRQWREHFRPSOHWH,WLVDOVRUHSRUWHGWKDWWKH
SKDVH FDQ FRQWDLQ D YDU\LQJ GHJUHH RI DOXPLQLXP $FFRUGLQJ WR
$QJOH]LR HW DO  WKH PD[LPXP DPRXQW LV  ZW  $O $O ZLOO
VXEVWLWXWHIRUVLOLFRQLQWKHVWUXFWXUH$FFRUGLQJWR0DUJDULDWKH
PD[LPXP FRQWHQW RI $O FDQ EH XS WR  DW  DQG WKH DOXPLQLXP
VWDELOL]HVWKHKLJKWHPSHUDWXUHYHUVLRQ

7KH$O6LV\VWHPLVDVLPSOHHXWHFWLFV\VWHPZLWKDQHXWHFWLFSRLQWDW
&DQGZWVLOLFRQ0DVVDOVNL7KHVROXELOLW\RI$OLQ
6LLVOLPLWHGEXW6LKDVVRPHVROXELOLW\LQWKH$OSKDVH)RUWKH&D6L
V\VWHP WKH RQO\ SKDVH UHOHYDQW IRU PHWDOOXUJLFDO JUDGH VLOLFRQ LV WKH
&D6LSKDVH ZKLFK LV REVHUYHG LQ 0*6L ZLWK KLJK FRQFHQWUDWLRQV RI
FDOFLXP VHH )LJXUH  7KH HXWHFWLF SRLQW LV DW  & DQG 
ZW 6L 0DVVDOVNL  6L7L LV REVHUYHG LQ VLOLFRQ ZLWK D KLJK
FRQWHQWRIWLWDQLXPDQGWKHHXWHFWLFWHPSHUDWXUHLV&0DVVDOVNL

 7HUQDU\V\VWHPV
7KH$O)H6LV\VWHPKDVEHHQ LQYHVWLJDWHGE\VHYHUDODXWKRUV UDQJLQJ
IURPHDUO\VWXGLHVE\7DNHGDDQG0XWX]DNL5LYOLQDQG5D\QRU
 WR WKHPRUH UHFHQWZRUNE\/LX .UHQGHOVEHUJHU HW DO
5DJKDYDQ DQG5DJKDYDQ 7KHUHJLRQVZLWKKLJK
FRQFHQWUDWLRQVRIHLWKHU$ORU)HKDYHDWWDLQHGPRVWRIWKHIRFXVGXHWR
WKHLULPSRUWDQFHLQDOXPLQLXPDQGLURQDOOR\V$FRPSOHWHVWXG\RIWKH
ZKROH FRPSRVLWLRQDO UDQJH ZDV SHUIRUPHG E\ 7DNHGD DQG 0XWX]DNL
 ,Q WKH OLWHUDWXUH WKH GLIIHUHQW $O)H6L SKDVHV KDYH EHHQ
GHVLJQDWHG OHWWHUV DQG QXPEHUV ZKLFK DUH QRW DOZD\V FRQVLVWHQW ,Q
7DEOH  GLIIHUHQW WHUQDU\ SKDVHV DUH GHVLJQDWHG ZLWK WKH OHWWHUV Ǖ
FROOHFWHGIURPWKHUHYLHZE\5DJKDYDQ

6ROLGLILFDWLRQRI0*6LDQGLWVDOOR\VOLWHUDWXUHVWXG\

 
7DEOH6WDEOHSKDVHVLQWKH$O)H6LWHUQDU\V\VWHP5DJKDYDQ
3KDVH 'HVLJQDWLRQ &RPSRVLWLRQDW
 $O )H 6L
$O)H6L ǕRUǕ  a 
$O)H6L ǕRUǄ  a 
$O)H6L Ƶ  a 
$O)H6L ǕRUǅ  a 
$O)H6L Ǖ  a 
$O)H6L ǕRUǃ  a 
$O)H6L Ǖ  a 
$O)H6L Ǖ  a 
$O)H6L Ƶ  a 
$O)H6L Ǖ   

6RPHRIWKHSKDVHVDUHUHSRUWHGWRKDYHDODUJHKRPRJHQHLW\UDQJHOLNH
ǕZKLOHRWKHUVKDYHDPRUHUHVWULFWHGUDQJHDVIRUǕ,WFDQEHVHHQ
IURP WKH WDEOH WKDW WKH LURQ FRQWHQW LV UHODWLYHO\ VWDEOH ZKLOH WKH
DOXPLQLXP DQG VLOLFRQ FRQWHQW YDULHV 7KLV LV GXH WR WKH HDVH WKHVH
HOHPHQWV VXEVWLWXWH HDFK RWKHU :KHQ LW FRPHV WR 0*6L WKHUH KDYH
EHHQ VHYHUDO VWXGLHV UHJDUGLQJ WKH VWUXFWXUH RI LQWHUPHWDOOLF SKDVHV
IRXQG LQ WKH PDWHULDO $QJOH]LR HW DO  OLVWHG $O)H6L DQG
$O)H6LSKDVHDV FRPPRQSKDVHV LQ0*6L$FFRUGLQJ WR/LX 
WKH JURXS ODWHU PRGLILHG WKH VWRLFKLRPHWU\ RI WKLV SKDVH WR $O)H6L
ZKLFK LV HTXDO WR Ǖ LQ 7DEOH  7KH WZR $O)H6L SKDVHV ZHUH DOVR
UHSRUWHGE\6FKHL 5RQJ DQG0DUJDULDHWDO $
OLTXLGXV SURMHFWLRQ IRU $O)H6L DV JLYHQ E\ .UHQGHOVEHUJHU HW DO
LVLOOXVWUDWHGLQ)LJXUH
7KHRUHWLFDO%DFNJURXQG



)LJXUH/LTXLGXVSURMHFWLRQIRU$O)H6L.UHQGHOVEHUJHUHWDO
,QWKHSXEOLFDWLRQE\$QJOH]LRHWDODDUHYLHZRIWKHOLWHUDWXUH
UHJDUGLQJWKHELQDU\DQGWHUQDU\$O&D)HDQG6LV\VWHPVUHOHYDQWIRU
0*6LZDV JLYHQ)RU VLOLFRQ ULFKDOOR\V WKH UHOHYDQW WHUQDU\SKDVH LQ
WKH $O&D6L V\VWHP LV $O&D6L ,W PHOWV FRQJUXHQWO\ EHORZ  &
DFFRUGLQJWR$QJOH]LRHWDO

7KHWHUQDU\)H6L7LV\VWHPZDVDPRQJVWRWKHUVVWXGLHGE\:HLW]HUHW
DO1LQHWHUQDU\SKDVHVZHUHREVHUYHGZKHUHWKH)H6L7LSKDVH
LV WKH SKDVH QRUPDOO\ REVHUYHG LQ 0*6L )URP WKH WHUQDU\ SKDVH
GLDJUDP OLVWHG LW FDQEH VHHQ WKDW IRUKLJK FRQFHQWUDWLRQV RI WLWDQLXP
WKHELQDU\6L7LSKDVHLVIRUPHG

7KHTXDWHUQDU\SKDVHRIKLJKHVWLPSRUWDQFHLQWKH$O&D)H6LV\VWHP
LVWKH$O&D)H6LSKDVH7KLVSKDVHLVVWXGLHGLQGHWDLOE\$QJOH]LRHW
DO

6ROLGLILFDWLRQRI0*6LDQGLWVDOOR\VOLWHUDWXUHVWXG\

 
 ,QWHUPHWDOOLFSKDVHVLQ0*6L
7KHUHLVDFRQVHQVXVEHWZHHQDXWKRUVGHVFULELQJ0*6LZKHQLWFRPHV
WR ZKLFK LQWHUPHWDOOLF SKDVHV WKDW DUH XVXDOO\ IRXQG LQ VLOLFRQ DIWHU
LQGXVWULDO FDVWLQJ 7KHVH SKDVHV LQFOXGH +7$O)H6L 6L7L $O)H6L
$O)H6L7L$O&D6L$O&D)H6L&D6LDQG$O)H6L7KHVROLGLILFDWLRQ
VWDUWVZLWK WKH VROLGLILFDWLRQ RI DOPRVWSXUH VLOLFRQEHORZ &$V
WKH WHPSHUDWXUH LV UHGXFHG PRUH VLOLFRQ VROLGLILHV ZKLOH WKH PHOW LV
HQULFKHG LQ DOOR\LQJWUDFH HOHPHQWV &DOFXODWLRQ GRQH E\ WKH
SURJUDPPH 6LVWUXF GHVFULEHG E\ 'RQV HW DO  JDYH D
VROLGLILFDWLRQUDQJHRI WKHVXEVHTXHQWVROLGLILFDWLRQRI WKH LQWHUPHWDOOLF
SKDVHVIURPa&WRa&GHSHQGLQJRQWKHFRPSRVLWLRQ
7KHFU\VWDOVWUXFWXUHVRIWKHPRVWFRPPRQSKDVHV LQ0*6LDUHJLYHQ
LQ7DEOH

7DEOH&U\VWDOVWUXFWXUHRIFRPPRQLQWHUPHWDOOLFSKDVHVLQ0*6L
3KDVH &U\VWDOVWUXFWXUH
+7$O)HVL 7HWUDJRQDO
&D6L +H[DJRQDO
6L7L 2UWKRUKRPELF
$O)H6L 2UWKRUKRPELF
$O)H6L 0RQRFOLQLF
$O&D6L +H[DJRQDO
$O)H6L7L 2UWKRUKRPELF
$O&D)H6L 7ULFOLQLF
0DH[ DQG YDQ 5RVVXP   0DVVDOVNL  :HLW]HU HW DO 
*XHQHDXD*XHQHDXE$QJOH]LRHWDOD$QJOH]LRHWDO


,QWKHVWXG\E\'XEURXVDQG$QJOH]LRVDPSOHVZLWKLQWKH$O
&D)H6L7LV\VWHPZHUHH[DPLQHG7KH\YDULHGWKHFRQWHQWRI&DDQG$O
LQWKHVDPSOHVZKLOHWKHLURQFRQWHQWZDVNHSWFRQVWDQWDWZW,Q
)LJXUH WKH DUHDV RI H[LVWHQFH RI WKHPDLQ LQWHUPHWDOOLF SKDVHV LQ
0*6LGHYHORSHGIURPWKHLUVWXG\LVLOOXVWUDWHG,QWKHVDPSOHVWLWDQLXP
ZDVDOZD\VSUHVHQWDV)H6L7L
7KHRUHWLFDO%DFNJURXQG



)LJXUH$UHDRIH[LVWHQFHIRULQWHUPHWDOOLFSKDVHVLQ0*6LFRQWDLQLQJZW
)HDQGDYDU\LQJDPRXQWRI&DDQG$O'XEURXVDQG$QJOH]LR
,QWKLVILJXUH6L)H$ODQG6L$O)HHTXDOVWKHSKDVHVGHVLJQDWHG+7
$O)H6L DQG$O)H6L LQ WKLVZRUN UHVSHFWLYHO\ 7KH ILJXUH LOOXVWUDWHV
WKDW +7$O)H6LZDV IRXQG LQ DOO WKH 0*6L DOOR\V DQG ZKHQ WKH $O
FRQWHQWLQFUHDVHVWKHWHUQDU\$O)H6LSKDVHVVWDUWVWRIRUPDVZHOO7KH
TXDWHUQDU\FDOFLXPSKDVHZDVIRXQGLQDOO WKHDOOR\VH[FHSWZKHQWKH
FDOFLXPFRQWHQWZDVYHU\ORZ,QFUHDVLQJWKHFDOFLXPFRQWHQWOHGWRWKH
VXEVHTXHQWIRUPDWLRQRIWKHWHUQDU\DQGWKHVHFRQGDU\FDOFLXPSKDVHV

 ,PSDFW RI WKH 0*6L TXDOLW\ RQ WKH GRZQVWUHDP
FRQVXPHU
$V PHQWLRQHG LQ WKH LQWURGXFWLRQ WKHUH DUH GLIIHUHQW VSHFLILFDWLRQV WR
PHWDOOXUJLFDOJUDGHVLOLFRQGHSHQGLQJRQWKHDSSOLFDWLRQ,QWKLVVHFWLRQ
VLOLFRQ IRU WKH DOXPLQLXP LQGXVWU\ WKH GLUHFW SURFHVV DQG
K\GURPHWDOOXUJLFDOOHDFKLQJLVGLVFXVVHG
6LOLFRQIRUDOXPLQLXPLQGXVWU\
,Q DOXPLQLXPDOOR\V VLOLFRQ LV DGGHG WR LPSURYH DPRQJVW RWKHU WKLQJV
WKH YLVFRVLW\ RI WKH DOOR\ WKH IORDWDELOLW\ DQG PHFKDQLFDO VWUHQJWK $
KLJK DQG FRQVWDQW VLOLFRQ \LHOG DQG D ORZ OHYHO RI ILQHV DUH SUHIHUUHG
/RZ LURQ FDOFLXP DQG SKRVSKRUXV FRQWHQWV LQ VLOLFRQ DUH FULWLFDO IRU
WKLVDSSOLFDWLRQ &HFFDUROL DQG/RKQH  7KHVL]HGLVWULEXWLRQRI
WKHVLOLFRQLVDOVRYLWDOWRWKHDOOR\LQJSURFHVV6PDOOVL]HGPDWHULDOZLOO
IORXWDQGHQGXSLQWKHVODJFDXVLQJPDWHULDOORVVDQGDUHGXFHGFRQWURO
6ROLGLILFDWLRQRI0*6LDQGLWVDOOR\VOLWHUDWXUHVWXG\

 
RI WKH DOOR\ FRPSRVLWLRQ ,Q DGGLWLRQ LW LV PRUH HQHUJ\ GHPDQGLQJ WR
PHOWVPDOOVL]HGSDUWLFOHVFRPSDUHGWRODUJHUSDUWLFOHV

$Q H[DPSOH RI WKH LPSDFW LPSXULWLHV KDYH RQ WKH V\VWHP LV LQ QHDU
HXWHFWLF $O6L DOOR\V :KHQ SKRVSKRUXV LV SUHVHQW $O3 FDQ IRUP DQG
WKHVHSDUWLFOHVQXFOHDWH ILQH VLOLFRQJUDLQV7KLVHIIHFW FDQKRZHYHUEH
SRLVRQHGE\VRGLXPRUFDOFLXPVLQFH&DQ[1D[3PRU&D6L3FRPSRXQGV
WKDWDUHPRUHVWDEOHWKDQ$O3DUHIRUPHG7KHQ$O3FDQQRORQJHUZRUN
DVDQXFOHDWLQJDJHQW/XLHWDO GHVFULEHWKDWWKHFDOFLXPOHYHO
LQ WKHDOOR\ WKH\KDYHVWXGLHGZDVGLUHFWO\ UHODWHG WR WKHSXULW\RI WKH
FRPPHUFLDOVLOLFRQZKLFKZDV0*6L)URPWKLV LWZDVVHHQ WKDW LW LV
LPSRUWDQWWRFRQWURODPRQJVWRWKHUVWKHOHYHORI3DQGWKHOHYHORI&D
6LOLFRQIRUGLUHFWV\QWKHVHV0&6UHODWHG
7KHILUVWVWHSLQSURGXFLQJVLOLFRQHVLQYROYHVWKHSURGXFWLRQRIGLPHWK\O
GLFKORURVLODQH

6LV&+&OJń&+6L&OJ&XFDWDO\VWWR&

7KHUHDFWLRQLVFDUULHGRXWLQDIOXLGL]HGEHGUHDFWRU7RREWDLQDJRRG
IOXLGL]DWLRQ RI WKH EHG SDUWLFOHV D VL]H RI  ǍP LV SUHIHUUHG
&HFFDUROL DQG /RKQH  ,I SDUWLFOHV DUH WRR VPDOO WKH\ FDQ EH
EORZQRXWRIWKHUHDFWRUOHDGLQJWRVLOLFRQORVVRULIWKH\DUHWRRODUJH
WKH\ FDQ DFFXPXODWH LQ WKH UHDFWRU  ,PSRUWDQW SDUDPHWHUV IRU WKH
UHDFWLRQ DUH WKH UHDFWLYLW\ WKH DPRXQW RI &+6L&O SURGXFHG SHU
WRQQH VLOLFRQ DQG WKH VHOHFWLYLW\ WKH DPRXQW RI WKH &+6L&O
SURGXFHGYHUVXVWKHWRWDODPRXQWRISURGXFWV0DUJDULDHWDO
7KH GLUHFW V\QWKHVLV LV FRPSOH[ DQG QRW IXOO\ XQGHUVWRRG 'LIIHUHQW
GHVLJQ DQG RSHUDWLQJ FRQGLWLRQV RI WKH IOXLGL]HG EHG UHDFWRU DIIHFW WKH
UHDFWLYLW\ DQG VHOHFWLYLW\ 7KH VDPH \LHOGV IRU WKH FDWDO\VW FKRVHQ DQG
WKH LQWHUPHWDOOLF SKDVHV SUHVHQW LQ VLOLFRQ2ZLQJ WR WKH IDFW WKDW WKH
UHDFWLYLW\DQGVHOHFWLYLW\DUHGHSHQGHQWRQPDQ\IDFWRUVLWLVGLIILFXOWWR
JLYH D VWULFW VSHFLILFDWLRQZKHQ LW FRPHV WR0*6L   7KHUH KDYH EHHQ
VHYHUDO DWWHPSWV WR GHVFULEH WKH HIIHFW RI WKH GLIIHUHQW LQWHUPHWDOOLF
SKDVHVEXWVRIDUWKHUHLVQRWDFRPSOHWHFRQVHQVXV,WFDQKRZHYHUEH
FRQFOXGHG WKDW KRPRJHQHLW\ LQ WKH PDWHULDO D JLYHQ JUDLQ VL]H DQG
PLQLPXP OHYHO RI VRPH HOHPHQWV DUH LPSRUWDQW 5RQJ  OLVWV
VHYHUDOHOHPHQWVWKDWFDQDFWDVSURPRWHUV LQKLELWRUVRUDX[LOLDULHV LQ
WKHV\QWKHVLV,WLVVWDWHGWKDWWKHSURFHVVLVVHQVLWLYHWRWKHSUHVHQFHRI
LPSXULWLHV
7KHRUHWLFDO%DFNJURXQG


+\GURPHWDOOXUJLFDOOHDFKLQJ
)RU VRPHSXUSRVHV WKH VLOLFRQ LV DOOR\HGZLWKDKLJKHU DPRXQW RI HJ
LURQ FDOFLXP DQG DOXPLQLXP LQ RUGHU WR IDFLOLWDWH D SURFHVV VXFK DV
OHDFKLQJ7KLVLVGRQHLQWKH6LOJUDLQSURFHVVZKHUHDVLOLFRQ
DOOR\ LV OHDFKHG ,Q$DVGHVFULEHGWKH WHFKQRORJ\ IRU WKH6LOJUDLQ
SURFHVV$DV +H GHVFULEHG KRZ VLOLFRQ DOOR\HGZLWK )H $O &D
DQG7LZDVVROLGLILHGFUXVKHGDQGOHDFKHGLQDVROXWLRQRIKRWDFLGLFRI
)H&O7KHEXONSDUWRIWKHDOOR\LQJHOHPHQWVZDVIRXQGDVLQWHUPHWDOOLF
SKDVHVWKDWZHUHOHDFKDEOHWRDYDU\LQJH[WHQWZKLOHWKHVLOLFRQZDVQRW
OHDFKHG 7KH UHVXOW ZDV WKHUHIRUH D SXULILHG PDWHULDO FRQVLVWLQJ RI
SXULILHGVLOLFRQJUDLQV7DEOHLVFROOHFWHGIURP$DV DQGLW LV
VHHQ WKDW WKH FDOFLXPFRQWDLQLQJSKDVHVZHUH HDVLHVW DWWDFNHGE\ WKH
6LOJUDLQDFLGIROORZHGE\WKH$O)H6LSKDVHV7KH)H6LZKLFKHTXDOV
WKH +7)H6L ZDV QRW OHDFKDEOH LQ 6LOJUDLQ DFLG  $ FKHPLFDO
FRPSRVLWLRQDQGVROLGLILFDWLRQSURFHGXUHWKDWVXSSUHVVWKH)H6LWKDW
LVWKH+7)H6LSKDVHVKRXOGEHFKRVHQ

7DEOH6ROXELOLW\RILQWHUPHWDOOLFSKDVHVLQVLOLFRQ$DVZLWKGHVLJQDWLRQVRI
VROXELOLW\$1RWVROXEOH%6OLJKWO\VROXEOH&VROXEOHVROXWLRQXVHGLQ6LOJUDLQ
3KDVH $QDO\VLV 5HODWLYHVROXELOLW\
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4XHLUR] HW DO  FDPH WR WKH VDPH FRQFOXVLRQ ,Q WKHLU ZRUN
VHYHUDO 6L DOOR\V ZHUH OHDFKHG LQ ERWK+&O DQG DPL[WXUH RI +&O DQG
)H&O + 7KH UHODWLYH UHDFWLYLWLHV IRU WKH SKDVHV ZHUH OLVWHG DV
IROORZV&D6L!&D$O6L!)H$O6L&D$O)H6L!!!)H6L

,WLVDVVXPHGWKDWWKH&D$O6LZDVWKHVDPHDVWKH&D$O6LQRWDWLRQ
XVHG E\ $DV DQG WKDW WKH TXDWHUQDU\ DQG )H6L SKDVHV ZHUH WKH
$O&D)H6LDQG+7$O)H6LSKDVHVUHVSHFWLYHO\

2WKHUIDFWRUVWKDWDUHLPSRUWDQWIRUWKHOHDFKLQJDUHVROLGLILFDWLRQWLPH
DQG GLVWULEXWLRQ RI SKDVHV (YHQ LI WKH FDVW FRQWDLQV OHDFKDEOH
LQWHUPHWDOOLFSKDVHVWKH\PXVWEHORFDWHGVXFKWKDWWKHDFLGFDQDWWDFN
6ROLGLILFDWLRQRI0*6LDQGLWVDOOR\VOLWHUDWXUHVWXG\

 
WKHP $OO WKH SKDVHV FRQWDLQ VLOLFRQ VR WKLV PHDQV WKDW UHPRYDO LV
DVVRFLDWHG ZLWK D VLOLFRQ ORVV WKDW VKRXOG EH NHSW WR D PLQLPXP
'LVVROXWLRQWLPHLQWKHDFLGWHPSHUDWXUHRIWKHDFLGDQGSUHVVXUHFDQ
DOVRDIIHFWWKHOHDFKLQJ

'XHWRWKHORZVROXELOLW\RIPRVWHOHPHQWVLQVROLGVLOLFRQDVVHHQIURP
7DEOHWKHUHZLOOXVXDOO\EHDQDFFXPXODWLRQRIWUDFHHOHPHQWVLQWKH
LQWHUPHWDOOLFSKDVHV7KLVPHDQVWKDWSXULILFDWLRQLVDFKLHYHGQRWRQO\
E\UHPRYLQJWKHPDLQFRQVWLWXHQWVLQWKHLQWHUPHWDOOLFSKDVHVEXWDOVR
WUDFHHOHPHQWVWKDWIROORZLQJWKHLQWHUPHWDOOLFSKDVHVZLOOEHUHPRYHG
 ,QGXVWULDOPHWKRGIRUVROLGLILFDWLRQRI0*6L
$VXPPDU\RIWKHFDVWLQJSURFHVVHVXVHGIRUVLOLFRQDLPHGIRUFKHPLFDO
LQGXVWU\ LV JLYHQ E\ 1\JDDUG  7KLV LQFOXGHV PRXOG FDVWLQJ
JUDQXODWLRQDQGFDVWLQJRQDFRSSHUSODWH,QWKHVLOLFRQSODQWVORFDWHG
LQ1RUZD\FDVWLQJLQDEHGRIILQHVFDVWLQJRQWRFDVWLURQPRXOGVDQG
OD\HUFDVWLQJDUHFRPPRQSUDFWLFHVIRUVLOLFRQDOOR\VUDQJLQJIRU
ZW  6L ,Q DGGLWLRQ JUDQXODWLRQ KDV EHHQ WHVWHG EXWPDLQO\ GXH WR
H[SORVLRQV WKLV LV QRW LQ XVH LQ 1RUZD\ WRGD\ *UDQXODWLRQ PD\ DOVR
\LHOGDSURGXFW WKDW LVQRWDSSOLFDEOH IRUDOXPLQLXPFXVWRPHUVGXHWR
LWV VPDOO JUDLQ VL]H ,Q UHFHQW \HDUV FDVWLQJ RQWR FRROHG FRSSHU SODWHV
KDV JDLQHG LQFUHDVHG DWWHQWLRQ DQG WKH EDVLV IRU WKLV LV GHVFULEHG E\
%XOORQDQG%RLVYHUWHWDO:KHQDFDVWLQJPHWKRGLVWR
EHFKRVHQLWLVLPSRUWDQWWRGHILQHWKHTXDOLWLHVWKHSURGXFHUDLPVIRU
LQWKHSURGXFW ,QWKHQH[WFKDSWHUVWKHHIIHFWWKHFDVWLQJPHWKRGKDV
RQWKHSURGXFWZLOOEHHOXFLGDWHG
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7KHRUHWLFDO%DFNJURXQG
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
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

 ([SHULPHQWDO:RUN
 ,QWURGXFWLRQ
,Q)LJXUH LPDJHV IURPWKHPDLQFDVWLQJH[SHULPHQWV LQ WKLV WKHVLV
DUHVKRZQZLWKUHVSHFWWRWKHRUGHUWKH\ZHUHFRQGXFWHG


)LJXUH([SHULPHQWVLQFOXGHGLQWKLVZRUNOHIWWRULJKW$$0*6L,QGXVWULDO
&\EHUVWDUIXUQDFHH[SHULPHQW²&RSSHUSODWHH[SHULPHQWV

7KHH[SHULPHQWVZHUHGHVLJQHGXVLQJDZWVLOLFRQDOOR\DOOR\$
DQGVWDQGDUGPHWDOOXUJLFDOJUDGHVLOLFRQ0*6LDQG0*6L$OOR\$
DQG0*6LZHUHFROOHFWHGIURPLQGXVWULDOH[SHULPHQWVZKLOH0*6L
ZDV FROOHFWHG IURP D FDVW ZLWKRXW H[DFW NQRZOHGJH RI WKH WKHUPDO
KLVWRU\ 0*6L  DQG 0*6L ZHUH UHPHOWHG DQG XVHG LQ WZR QHZ
VROLGLILFDWLRQH[SHULPHQWV6ROLGLILFDWLRQRQD FRSSHUSODWH FDUULHGRXW
DWWKH(ONHP3LORW3ODQWLQ.ULVWLDQVDQGDQGDGLUHFWLRQDOVROLGLILFDWLRQ
H[SHULPHQWLQWKH´&\EHUVWDUµIXUQDFHDW1718,QDGGLWLRQ6RODU*UDGH
6LOLFRQ6R*6LZDVXVHG IRU WZRRI WKHFRSSHUSODWHH[SHULPHQWVDQG
RQH RI WKH IRXU FUXFLEOHV LQ WKH &\EHUVWDU IXUQDFH ZDV ILOOHG ZLWK
(OHFWURQLF *UDGH 6LOLFRQ (*6L &RPSUHKHQVLYH WHPSHUDWXUH
PHDVXUHPHQWDQGDOOR\VDPSOLQJZHUHSHUIRUPHGLQDOOWKHH[SHULPHQWV

7KH FROOHFWHG VDPSOHV ZHUH XVHG IRU FKHPLFDO DQG PHWDOORJUDSKLF
DQDO\VLV $V DQ DOWHUQDWLYH WR SXULI\LQJPHWDOOXUJLFDO JUDGH VLOLFRQ DQ
LQLWLDO WHVWUXQZLWKPDJQHWLFVHSDUDWLRQZDVFDUULHGRXW)XUWKHUPRUH
WKHDEUDVLRQVWUHQJWKRIWKHPDWHULDOVZDVGHWHUPLQHGE\DWXPEOHUWHVW
DQG WKH PLFUR KDUGQHVV RI VHOHFWHG LQWHUPHWDOOLF SKDVHV ZDV
LQYHVWLJDWHG

 ,QGXVWULDOH[SHULPHQWV
 $OOR\$
7KH VLOLFRQ DOOR\ ZDV SURGXFHG LQ DQ HOHFWULF DUF IXUQDFH IURP UDZ
PDWHULDOV TXDUW] FRNH FRDO DQG ZRRGFKLSV  $O )H DQG &D ULFK
PDWHULDOZHUHDGGHG LQRUGHU WRREWDLQWKHUHTXLUHGDOOR\FRPSRVLWLRQ
,QGXVWULDOH[SHULP

7KHDOOR\ZDVFRQWLQXR
RQDUDLOZD\WKDWVXUU
LURQPRXOGV7RSUHYHQ
DQGWRDYRLGLURQFRQWD
ILQHV OD\HU RI WKH VLOLF
PLQXWHVWRILOODPRXOG
HDVH RI GUDLQLQJ WKH
SHUIRUPHGXVLQJDOOR\

$6ROLGLILFDWLRQLQDQ
PPRIWKHVDPHP

$ 6ROLGLILFDWLRQ LQ
ZLWKWKHFHUDPLFILEUH

)LJXUH  3LFWXUHV WDNH
ERWWRPDQGH[SHULPHQW$

,Q H[SHULPHQW $ 
GLDPHWHUZLUH[
FRDWHGZLWKWXQJVWHQ
KLJKWHPSHUDWXUHFHUD
UHFRUG WKH WHPSHUDWXU
)LJXUH  ,Q DGGLWLR
LQFUHDVHLQWKHILQHV
HQWV

XVO\WDSSHGIURPWKHIXUQDFHLQWRP
RXQGHGWKHIXUQDFH7KHPRXOGVXV
WWKHPRXOGIURPH[SHULHQFLQJD´WK
PLQDWLRQRIWKHDOOR\WKHPRXOGZDV
RQ DOOR\ VL]H  PP 2Q DYHUDJH
EXWWKHIORZGXULQJWDSSLQJZLOOG
VLOLFRQ IURP WKH WDSKROH 7ZR H[SH
$
LQGXVWULDOVL]HGPRXOGFRYHUHGLQD
DWHULDO)LJXUHOHIW
DQ DOXPLQLXP ER[ [[P
.DRZRRO)LJXUHULJKW
Q EHIRUH DQG GXULQJ H[SHULPHQW $ WR W
WRWKHULJKWWRSDQGERWWRP
 &W\SH WKHUPRFRXSOHV :5H:
PPPRO\EGHQXPVKHDWKZKHUH
KDIQLDLQVXODWLRQXQJURXQGHGMXQFW
PLFSOXJLQTXDUW]SURWHFWLRQWXEHV
H LQ GLIIHUHQW SRVLWLRQV LQ WKH FDVW
Q RQH .W\SH HOHPHQW UHFRUGHG WKH
RXOGVSODFHG
HGZHUHFDVW
HUPDOVKRFNµ
FRYHUHGLQD
 LW WDNHV 
HSHQGRQWKH
ULPHQWV ZHUH
OD\HURIILQHV
P LQVXODWHG


KH OHIW WRS DQG
5H 
PPZDV
LRQZLWKXOWUD
ZHUHXVHGWR
DV VKRZQ LQ
 WHPSHUDWXUH
([SHULPHQWDO:RUN



)LJXUH3ODFHPHQWRIWKHWKHUPRFRXSOHVDVWDNHQZLWKUHVSHFWWRVDPSOH$

,Q H[SHULPHQW $  &W\SH WKHUPRFRXSOHV RI VDPH VSHFLILFDWLRQZHUH
SRVLWLRQHGLQGLIIHUHQWSRVLWLRQVLQWKHER[7KUHHRIWKHWKHUPRFRXSOHV
ZHUH SURWHFWHG E\ TXDUW] WXEHV ZKLOH IRXU RI WKH WKHUPRFRXSOHV ZHUH
SURWHFWHGE\JUDSKLWHDQGTXDUW]WXEHV7KHWHPSHUDWXUHLQFUHDVHLQWKH
ILQHV ZDV UHFRUGHG LQ WKLV H[SHULPHQW DV ZHOO ZLWK D .W\SH
WKHUPRFRXSOH $'7'DWDWDNHUZDVXVHG WR FROOHFW WKH WHPSHUDWXUH
GDWDLQERWKH[SHULPHQWV$IWHUSRXULQJWKHPHOWIURPWKHODGOHLQWRWKH
PRXOGWKHFDVWVZHUHOHIWWRFRROWRDPELHQWWHPSHUDWXUH

)RU H[SHULPHQW $ VDPSOHV ZHUH FROOHFWHG LQ WKH SUR[LPLW\ RI WKH
WKHUPRFRXSOHVZKHUHWKHWKHUPDOKLVWRU\ZDVH[DFWO\NQRZQ7KHER[
IURP H[SHULPHQW $ ZDV FXW LQ KDOI DQG WKH KDOI WKDW FRQWDLQHG WKH
WKHUPRFRXSOHVZDVGLYLGHGLQWRVHYHQVDPSOHV7KHUPRFRXSOHV
&WR&ZHUHSDUWRIVDPSOHWKHUPRFRXSOHV&DQG&ZHUHSDUW
RI  DQG WKHUPRFRXSOHV & DQG & ZHUH SDUW RI VDPSOH  7KH
VDPSOHV ZHUH FXW DW 6,17() %XLOGLQJ DQG ,QIUDVWUXFWXUH DQG (ONHP
7HFKQRORJ\0DWHULDOV&KDUDFWHUL]DWLRQ

,QGXVWULDOH[SHULPHQWV



)LJXUH([WUDFWLRQRIVDPSOHVLQH[SHULPHQW$


)LJXUH([WUDFWLRQRIVDPSOHVLQH[SHULPHQW$
 0*6L
$FDVWLURQPRXOG[FPRXWHUGLPHQVLRQVZDVSUHSDUHGIRU
WKHH[SHULPHQWKROHVZHUHGULOOHGWKURXJKWKHFDVWLURQPRXOGZDOOV
&
&
&
&
&
&
&
&
([SHULPHQWDO:RUN

WR ILW WKH WKHUPRFRXS
GXULQJ FDVWLQJ WZR V
PRXOG.DRZRROSODWHV
WKHUPRFRXSOHVZHUHV
OD\HURIVLOLFRQJUDYHOR
JUDGHVLOLFRQ0*6L
DUF IXUQDFHZDVWDSSH
UHILQLQJWKHPHOWZDVS
)LJXUH
)LJXUH3LFWXUHWDNHQG

7KH WHPSHUDWXUH LQ
WKHUPRFRXSOHV RI VDP
W\SHWKHUPRFRXSOHVUH
JUDYHODQGRQH.W\SH
WKHPRXOG$'7'
LQ ERWK H[SHULPHQWV
PRXOGWKHFDVWZDVOHI

)LJXUH3ODFHPHQWRIWK

$IWHU WKH H[SHULPHQW
WKHUPRFRXSOHV & &
UHVSHFWLYHO\ ,QDGGLWLR
VDPSOH* DQG D VDP

OHV 7R DYRLG PRYHPHQW RI WKH WK
WHHO SODWHV ZHUH PRXQWHG WR WKH E
ZHUHDWWDFKHGWRWKHVWHHOSODWHVDQ
XSSRUWHGE\WKLV7RSURWHFWWKHPR
IVL]HPPFRYHUHGWKHPRXOG
RISXULW\ZWVLOLFRQSURGXFHG
G IURPWKH IXUQDFHDQGUHILQHG LQD
RXUHGIURPWKHODGOHLQWRWKHPRXOG

XULQJWKHLQGXVWULDOH[SHULPHQW0*6L
 WKH PHOWFDVW ZDV UHFRUGHG E
H TXDOLW\ DV IRU H[SHULPHQWV$DQG
FRUGHGWKHWHPSHUDWXUHXQGHUWKHOD
WKHUPRFRXSOHORJJHGWKHWHPSHUDWXU
DWDWDNHUZDVXVHGWRFROOHFWWKHWHPS
$IWHU SRXULQJ WKH PHOW IURP WKH O
WWRFRROWRDPELHQWWHPSHUDWXUH

HWKHUPRFRXSOHDIWHUWKHH[SHULPHQW
 VDPSOHV ZHUH FROOHFWHG LQ WKH
 & DQG & & & VDPSOH
QDVDPSOH IURPDQRWKHU ORFDWLRQZ
SOH IURPDQRWKHU FDVW WKDW KDG EHH
HUPRFRXSOHV
RWWRP RI WKH
GWKH&W\SH
XOGDPP
0HWDOOXUJLFDO
LQDQHOHFWULF
 ODGOH $IWHU
DVVKRZQLQ
\  &W\SH
$ 7ZR.
\HURIVLOLFRQ
HXQGHUQHDWK
HUDWXUHGDWD
DGOH LQWR WKH
SUR[LPLW\ RI
V % DQG '
DVFROOHFWHG
Q OHIW WR FRRO
/DEVFDOHVROLGLILFDWLRQH[SHULPHQWV


XQGHUQHDWKDQRWKHU FDVW VDPSOH+7KH VDPSOHVZHUH FXWDW6,17()
%XLOGLQJDQG,QIUDVWUXFWXUHDQG6,17()0DWHULDOVDQG&KHPLVWU\


)LJXUH([WUDFWLRQRIVDPSOHVLQH[SHULPHQW0*6L
 /DEVFDOHVROLGLILFDWLRQH[SHULPHQWV
 6ROLGLILFDWLRQRQDFRROHGFRRSHUSODWH

)LJXUH([SHULPHQWDOVHWXSIRUWKHFRSSHUSODWHH[SHULPHQW

7KHFDVWLQJH[SHULPHQWVRQWRDFRROHGFRSSHUSODWHZHUHSHUIRUPHG LQ
.ULVWLDQVDQGDW(ONHP7HFKQRORJ\7KHH[SHULPHQWDOVHWXSXVHGIRUWKH
H[SHULPHQWV DUH VKRZQ LQ )LJXUH  $V VHHQ IURP WKH SKRWR D
([SHULPHQWDO:RUN


JUDSKLWHIUDPHZDVPRXQWHGRQWRSRIWKHFRSSHUSODWH7KLVJDYHDFDVW
ZLWK GLPHQVLRQV  FP   FP $W WKH PLGGOH RI WKH SODWH
WKHUPRFRXSOHV ZHUHPRXQWHG V\PPHWULFDOO\ 7KUHH TXDOLWLHV RI VLOLFRQ
ZHUHXVHGLQWKLVH[SHULPHQWDOFDPSDLJQFRPSULVLQJRIH[SHULPHQWV
7DEOH   OLVWV VRPH FRQGLWLRQV XVHG LQ WKH H[SHULPHQWV 7KH VLOLFRQ
ZDVPHOWHGLQD.:LQGXFWLRQIXUQDFHZLWKDUJRQDWPRVSKHUH7KH
FDVWLQJZDV LQLWLDWHGDWDPHOW WHPSHUDWXUH LQ WKHIXUQDFHRI&
7KH IXUQDFHZDV WLSSHG VR WKDW WKHPHOW IORZHG WR WKH UXQQHU LQWR D
JUDSKLWH FXS DQG WKHQ RQWR WKH FRSSHU SODWH 7KH WHPSHUDWXUH LQ WKH
PHOWFDVWZDV UHFRUGHGE\% W\SH WKHUPRFRXSOHV 3W5K3W5K ,Q
DGGLWLRQ.W\SHWKHUPRFRXSOHVPHDVXUHGWKHWHPSHUDWXUHDWWKH LQQ
DQG RXWOHW RI WKH ZDWHU VWUHDP :KHQ WKH WHPSHUDWXUH LQ WKH FDVW
UHDFKHG  & WKH FDVW ZDV PRYHG WR D QHDUE\ ORFDWLRQ  7KH
WKHUPRFRXSOHVZHUHORFDWHGDQGFPIURPWKHFRSSHUSODWHLQWKH
FPFDVWVDQGFPDQGDQGFPIURPWKHFRSSHU
SODWHLQWKHDQGFPFDVWVUHVSHFWLYHO\

7DEOH([SHULPHQWDOSDUDPHWHUVFRSSHUSODWHH[SHULPHQWV
([SHULPHQW 0DWHULDO +HLJKW>FP@ :HLJKWRIWKHFDVW>NJ@
 6R*6L  
 6R*6L  
 0*6L  
 0*6L  
 0*6L  
 0*6L  
 0*6L  
 0*6L  
 0*6L  
 0*6L  

/DEVFDOHVROLGLILFDWLRQH[SHULPHQWV



)LJXUH ([WUDFWLRQ RI VDPSOHV IRU 6(0 DQG FKHPLFDO DQDO\VLV ([SHULPHQW 
DQG

,Q )LJXUH  WKH H[WUDFWLRQ RI VDPSOHV IRU 6(0 DQG FKHPLFDO
DQDO\VLV DUH LOOXVWUDWHG IRU H[SHULPHQW  DQG  )RU WKH RWKHU
H[SHULPHQWVWKHVDPSOHVZHUHH[WUDFWHGLQWKHPDQQHURIHLWKHURU
GHSHQGLQJRQWKHDPRXQWRIFUDFNVLQWKHVDPSOH7KHVDPSOHWKDW
ZDV OHDVW IUDFWXUHGZDVFKRVHQ IRU WKH6(07KHVDPSOH IRUFKHPLFDO
DQDO\VLVZDVGLYLGHGLQDQGSLHFHVIURPWRSWRERWWRPIRUWKH
FPFPDQGFPFDVWVUHVSHFWLYHO\,WFDQEHVHHQIURP)LJXUH
WKDWWKHVXUIDFHRIWKHFDVWZDVQRWSODQHEXWIRUVLPSOLFLW\WKHSLHFHV
ZHUHVDLGWREHFPIRUWKHFPFDVWDQGFPIRUWKHDQGFP
FDVW ZKHQ WKH\ DUH UHIHUUHG WR LQ ILJXUHV UHSUHVHQWLQJ WKH FKHPLFDO
DQDO\VLV&KDSWHUDQG$SSHQGL[$
 'LUHFWLRQDO VROLGLILFDWLRQ &\EHUVWDU IXUQDFH
H[SHULPHQW
7KH&\EHUVWDUIXUQDFHH[SHULPHQWZDVSHUIRUPHGDW1718ZLWKWKHDLG
RI +DOYRU 'DODNHU DQG 0DUWLQ 6\YHUWVHQ IURP 6,17() 0DWHULDOV DQG
&KHPLVWU\7KHGHVFULSWLRQRIWKH&\EHUVWDUIXUQDFHLVUHSURGXFHGIURP
'DODNHUHWDO7KH&\EHUVWDUIXUQDFH)LJXUH LVDNJ
&\EHUVWDU XQLGLUHFWLRQDO IXUQDFH ,W LV HTXLSSHGZLWK WZR LQGHSHQGHQWO\
FRQWUROOHG VXVFHSWRUV HDFK SRZHUHG E\ D  N: JHQHUDWRU 7KH WZR
VXVFHSWRUVDUHSODFHGLPPHGLDWHO\DERYHDQGEHORZWKHFUXFLEOHFDXVLQJ
DXQLGLUHFWLRQDOKHDWIORZIURPWKHKRWWRSWRWKHFRROERWWRPVXVFHSWRU
7KHDELOLW\ WRFRQWUROHDFKVXVFHSWRU LQGHSHQGHQWO\JLYHVJRRGFRQWURORI
WKH YHUWLFDO WHPSHUDWXUH JUDGLHQWV RI WKH V\VWHP (DFK VXVFHSWRU LV
FRQWUROOHGE\DW\SH&WKHUPRFRXSOHDQGD(XURWKHUPFRQWUROOHU
([SHULPHQWDO:RUN


)RXU TXDUW] FUXFLEOHV RI LQQHU GLPHQVLRQV [ O [ Z ZHUH
VWDFNHG ZLWK WKH JLYHQ TXDOLW\ RI VLOLFRQ 6DQGEODVWHG TXDUW] WXEHV
FRDWHGLQVLOLFRQQLWULGH6L1ZHUHSODFHGLQWKHFHQWUHRIHDFKLQJRW
,QDGGLWLRQRQHTXDUW]WXEHZDVSODFHGLQWKHFHQWUHRIWKHIXUQDFHVHH
)LJXUH  &W\SHZLUHV :5H:5H SURWHFWHG LQ DOVLQW WXEHV
ZHUHSRVLWLRQHGDWGLIIHUHQWKHLJKWVLQVLGHHDFKTXDUW]WXEHDVVHHQLQ
7DEOH$PRO\EGHQXPZLUHZDVWZLVWHGDURXQGWKHTXDUW]WXEHVWR
KLQGHUWKHPIURPIDOOLQJ*UDSKLWHLQVXODWLRQZDVPRXQWHGRXWVLGHWKH
FUXFLEOHVDVVKRZQLQ)LJXUH

7DEOH3ODFHPHQWRIWKHUPRFRXSOHV&\EHUVWDUIXUQDFHH[SHULPHQW
3ODFHPHQWRI
WKHUPRFRXSOH 0DWHULDO
7KHUPR
FRXSOH
7LPHWKH
WKHUPRFRXSOH
IXQFWLRQHG>K@
3RVLWLRQ
IURP
FUXFLEOH
ERWWRP>FP@
&UXFLEOH 0*6LNJ
7  
7 QRVLJQDO 
7  
&UXFLEOH 0*6LNJ
7  
7 QRVLJQDO 
&UXFLEOH 0*6LNJ
7  
7  
&UXFLEOH (*6LNJ
7 URRPWHPS 
7 ZKROHH[S 
&HQWUHRI
IXUQDFH
70 QRVLJQDO 
70 ZKROHH[S 

 
)LJXUH7KH&\EHUVWDUIXUQDFHOHIWDQGVWDFNLQJRIWKHLQJRWVULJKW

/DEVFDOHVROLGLILFDWLRQH[SHULPHQWV


$ WHPSHUDWXUH SURJUDP ZDV LQLWLDWHG IRU WKH XSSHU DQG ORZHU
VXVFHSWRUV DQG WKHLU VHW SRLQWV DUH LOOXVWUDWHG LQ)LJXUH WRJHWKHU
ZLWKWKHSRZHURIWKHVXVFSHWRUV

 
)LJXUH7HPSHUDWXUHVHWWLQJVDQGSRZHUIRUWKHXSSHUDQGORZHUVXVFHSWRU


)LJXUH([WUDFWLRQRIVDPSOHVIRU6(0DQGFKHPLFDODQDO\VLV,QJRW6DPSOHV
GLYLGHG LQ WR  VPDOO SLHFHV DUH IRU WKH FKHPLFDO DQDO\VLV 7KH SLFWXUH WR WKH ULJKW
LOOXVWUDWHVKRZVDPSOHVIRU6(0ZHUHFXWSULRUWRHQFDSVXODWLRQLQHSR[\DQGWKHUHG
UHFWDQJOHVVDPSOHVIRUDGGLWLRQDOFKHPLFDODQDO\VLV

$V VKRZQ LQ )LJXUH  D VOLFH RI HDFK LQJRW ZDV FXW IRU FKHPLFDO
DQDO\VLVDQG6(07KHVDPSOHVIRUFKHPLFDODQDO\VLVZHUHGLYLGHGLQWR
 HTXDO SDUWV IURP WRS WR ERWWRP )RU WKHPHWDOORJUDSKLF DQDO\VLV 
VDPSOHV7 WRS0 PLGGOHDQG% ERWWRPZHUHFXW IURPHDFKRI WKH
Ϭ
ϭϬ
ϮϬ
ϯϬ
ϰϬ
ϱϬ
ϲϬ
ϳϬ
ϴϬ
Ϭ
ϮϬϬ
ϰϬϬ
ϲϬϬ
ϴϬϬ
ϭϬϬϬ
ϭϮϬϬ
ϭϰϬϬ
ϭϲϬϬ
Ϭ ϭϬ ϮϬ ϯϬ ϰϬ ϱϬ
WŽ
ǁĞ
ƌ΀
Ŭt
΁
dĞ
ŵ
ƉĞ
ƌĂ
ƚƵ
ƌĞ
΀Σ
΁
dŝŵĞ΀ŚŽƵƌƐͿ
^ĞƚƉŽŝŶƚhƉƉĞƌ
^ƵƐĐĞƉƚŽƌ
^ĞƚƉŽŝŶƚ>ŽǁĞƌ
^ƵƐĐĞƉƚŽƌ
WŽǁĞƌhƉƉĞƌ
^ƵƐĐĞƉƚŽƌ
WŽǁĞƌ>ŽǁĞƌ
^ƵĐĞƉƚŽƌ
([SHULPHQWDO:RUN


ODUJH6(0VDPSOHVH[WUDFWHGIURPHDFKLQJRW7KHVHZHUHHQFDSVXODWHG
LQHSR[\EHIRUHWKH\ZHUHJURXQGDQGSROLVKHG
 'LIIHUHQWLDOWKHUPDODQDO\VLV'7$
$6HWDUDP6HW6\V '7$7*$ZLWK D:5H:5H'7$7*$
URGZHUHXVHG IRU WKH WHVWV7ZRDOXPLQDFUXFLEOHVZHUHXWLOL]HG RQH
ILOOHGZLWKWKHVDPSOHDQGRQHHPSW\UHIHUHQFHFUXFLEOH7KHGLIIHUHQFH
LQWHPSHUDWXUHEHWZHHQWKHVDPSOHDQGDUHIHUHQFH'7$VLJQDOZHLJKW
FKDQJH 7*$ VLJQDO DQG VDPSOH WHPSHUDWXUH ZHUH PHDVXUHG GXULQJ
KHDWLQJRIWKHVDPSOHDQGWKHUHIHUHQFH,QDFXUYHLOOXVWUDWLQJWKH'7$
VLJQDODGLSZLOOLQGLFDWHDQHQGRWKHUPLFUHDFWLRQ7KLVFDQEHDSKDVH
FKDQJHRUDUHDFWLRQ$WHPSHUDWXUHFDOLEUDWLRQZDVGRQHSULRUWRWKH
WHVWDQGFRPSDUHGWRNQRZQYDOXHVDPD[LPXPRIR&GHYLDWLRQZDV
PHDVXUHG &RSSHU DQG ,URQ ZHUH XVHG IRU WKH FDOLEUDWLRQ 0LOOHG
VDPSOHV IURPH[SHULPHQWV$DQG$ZHUH WHVWHG  7KH'7$DQDO\VHV
ZHUHSHUIRUPHGE\6DULQD%DR6,17()0DWHULDOVDQG&KHPLVWU\

 0HFKDQLFDOSURSHUWLHV
 $EUDVLRQVWUHQJWK
6DPSOHV IURP DOO H[SHULPHQWV ZHUH FUXVKHG GRZQ WR D VL]H RI 
 PP E\ 2GG &RUQHOLXVVHQ DW WKH 'HSDUWPHQW RI *HRORJ\ DQG
0LQHUDO5HVRXUFHV(QJLQHHULQJ1718$+DQQRYHUGUXPZDVXVHG WR
WHVWWKHDEUDVLRQVWUHQJWK7KHWHVWVZHUHUXQE\(GLWK7KRPDVVHQDQG
:LOKHOP 'DOO DW 6,17() 0DWHULDOV DQG &KHPLVWU\  )LJXUH  LV D
SKRWRDQGDVNHWFKRIWKH+DQQRYHUGUXP7KHH[SHULPHQWDOSURFHGXUH
IRUWKHDEUDVLRQWHVWZDVEDVHGRQWKHZRUNRI7DQJVWDGHWDO
H[FHSWWKDWDGLIIHUHQWVHWRIVLHYLQJIUDFWLRQVZHUHFKRVHQ


)LJXUH6NHWFKDQGSKRWRRIWKH+DQQRYHUGUXP

0DJQHWLFVHSDUDWLRQRI0*6L


$OOVDPSOHVZHUHVSOLWLQWRJIUDFWLRQVDQGWKHVDPSOHZDVVLHYHGDW
    DQGPPEHIRUH HDFK IUDFWLRQZDVZHLJKHG 7KH VDPSOH
ZDVWXPEOHGIRUPLQDWDVSHHGRIUSP$IWHUWKHWHVWWKHVDPSOH
ZDVVLHYHGDQGZHLJKHGDJDLQ
7R VWXG\ WKH YDULDWLRQ RI HOHPHQWV DV D IXQFWLRQ RI VL]H VHYHUDO RI WKH
FUXVKHG DQG VLHYHG VDPSOHV ZHUH DQDO\VHG E\ ;5) 7KH VDPSOHV
DQDO\VHG ZHUH    7KH VDPSOH ² PP ZDV
VLHYHG LQWR IUDFWLRQV ² ǍP  ǍP  ǍP  ǍP
PPPP,QDGGLWLRQWKHVDPSOHVRIVL]HPPDQG²PP
IURPDIWHUWKHDEUDVLRQWHVWZHUHDQDO\VHG
 9LFNHUVKDUGQHVVWHVW
$VDPSOH IURPWKH0*6L LQGXVWULDOH[SHULPHQWZDVXVHG WR WHVW WKH
PLFUR KDUGQHVV RI WKH GLIIHUHQW LQWHUPHWDOOLF SKDVHV 7KH PLFUR
KDUGQHVVWHVWZDVSHUIRUPHGXVLQJD'XUD6FDQIURP6WXUHVZLWKD
ORDGRIJ7KLVHTXDOVNJPV 1 7KHGZHOO WLPH
ZDVVDQGWKHVSHHGPPV7KHPLFURKDUGQHVVZDVPHDVXUHG
RQ LQWHUPHWDOOLF SKDVHV WKDW KDG EHHQ FKDUDFWHUL]HG E\ HOHFWURQ
PLFURSUREHDQDO\VLV(30$SULRUWRLQGHQWLRQV7KHWHVWVZHUHUXQE\
7RQH$Q]M¡Q6,17()0DWHULDOVDQG&KHPLVWU\
 0DJQHWLFVHSDUDWLRQRI0*6L
7ZR PHWKRGV RI PDJQHWLF VHSDUDWLRQ ZHUH WHVWHG D GU\ DQG D ZHW
VHSDUDWLRQPHWKRG7KH3HUPUROOVHSDUDWRUDQGWKH6/RQVHSDUDWRU
UHVSHFWLYHO\ 7KH EDVLV IRU WKH 6/21 VHSDUDWRU FDQ EH FROOHFWHG IURP
;LRQJHWDO6KHUUHOODQG'XQQDQG&KHQHWDO
DQGWKHEDVLVIRUWKH3HUPUROOFDQEHFROOHFWHGLQ6DQGYLNHWDO

6DPSOH * IRU H[SHULPHQW 0*6L ZDV XVHG IRU WKH VHSDUDWLRQ 7KH
VDPSOHZDVFUXVKHGGRZQWRDVL]HRIPPE\D ODUJHDQGVPDOO MDZ
FUXVKHUZLWK )H0Q MDZV 7KH VLHYH DQDO\VLV DIWHU FUXVKLQJ LV JLYHQ LQ
7DEOH

7DEOH6LHYHDQDO\VLVDIWHUFUXVKLQJRIVDPSOH*0*6L
)UDFWLRQ :HLJKW>J@
P 
P 
P 
P 
7RWDOZHLJKW 

([SHULPHQWDO:RUN


7KH GLIIHUHQW IUDFWLRQVZHUH GLYLGHG LQ WZR SDUWV RQH IRU WKH 3HUPUROO
VHSDUDWRU DQG RQH IRU WKH 6/RQ  VHSDUDWRU 7KH H[SHULPHQWDO
FRQGLWLRQVIRUWKHVHSDUDWLRQDUHJLYHQLQ7DEOHDQG7DEOH

7DEOH([SHULPHQWDOFRQGLWLRQV6/RQVHSDUDWLRQ
([SHULPHQW )UDFWLRQ 0DWUL[ :DWHUOK
3XOVH
USP )LHOG7
 P PP   
 P PP   

7DEOH([SHULPHQWDOFRQGLWLRQV3HUPUROOVHSDUDWLRQ
([SHULPHQW )UDFWLRQ )LHOG7
 P 
 P 
 P 
 P 

$IWHUWKHVHSDUDWLRQWKHVDPSOH!JZHUHDQDO\VHGZLWKDQ;5)ZKLOH
VDPSOHJZHUHDQDO\VHGZLWK,&32(6

 &KDUDFWHUL]DWLRQ DQG PLFURVWUXFWXUDO
DQDO\VLV
 ;UD\IOXRUHVFHQFHVSHFWURVFRS\;5)
7KHFKHPLFDODQDO\VLVRIDOOVDPSOHVRIVL]H!JDQGDQDO\VLV
ZW  6L ZHUH DQDO\VHG E\ PHDQV RI DQ ;5) 7KH ;5) DQDO\VLV ZDV
SHUIRUPHG DW (ONHP 7KDPVKDYQ DQG (ONHP 7HFKQRORJ\ /DE LQ
.ULVWLDQVDQG7KHLQVWUXPHQWDW7KDPVKDYQZDVRIWKHW\SH3DQDO\WLFDO
$[LRV 7KH LQVWUXPHQW LV FDOLEUDWHG RQ D GDLO\ EDVLVZLWK D VDPSOH RI
VLOLFRQ UHIHUHQFH PDWHULDO 7KH ORZHU GHWHFWLRQ OLPLW IRU WKH VWDQGDUG
SURJUDPXVHGLVVKRZQLQ7DEOH

7DEOH/RZHUGHWHFWLRQOLPLWV/'/3DQDO\WLFDO$[LRV;5)(ONHP7KDPVKDYQ
(OHPHQW /'/ZW (OHPHQW /'/SSPZ (OHPHQW /'/SSPZ
$O  3E  &U 
&D  %L  9 
7L  $V  %D 
)H  =Q  0R 
0J SSPZ &X  6E 
=U SSPZ 1L  6Q 
6U SSPZ 0Q  3 

&KDUDFWHUL]DWLRQDQGPLFURVWUXFWXUDODQDO\VLV


7KHLQVWUXPHQWXVHGLQ.ULVWLDQVDQGZDVRI3DQDO\WLFDO3:

$OO VDPSOHV ZHUH SUHSDUHG E\ ILUVW UHGXFLQJ WKH VL]H PP 7KH
PDWHULDOZDV WKHQVSOLW LQWRJ IUDFWLRQVDQGJ3RO\HWK\OHQH 3(
WDEOHWVZDVDGGHG$ZROIUDPFDUELGHPLOOZDVXVHGWRJULQGWKHVDPSOH
IRUVHFRQGV7KHPLOOHGVDPSOHZDVWKHQSUHVVHGE\D IRUFHRI
N1 IRU  VHFRQGV 7KH ILQLVKHG WDEOHW ZDV VXEVHTXHQWO\ DQDO\VHG E\
PHDQVRI;UD\'LIIUDFWLRQ
 ,QGXFWLYHO\FRXSOHGSODVPD²2SWLFDO(PLVVLRQ
,&32(6
7KH FKHPLFDO DQDO\VLV RI WKH VDPSOHV WKDW ZHUH OHVV WKDQ  J ZDV
GHWHUPLQHG E\ ,QGXFWLYHO\ &RXSOHG 3ODVPD2SWLFDO (PLVVLRQ
6SHFWURPHWU\ ,&32(6 7KH LQVWUXPHQW XVHG ZDV RI W\SH 6SHFWUR
$UFRV7KHVROXWLRQVXVHGZHUHSUHSDUHGE\GLVVROYLQJJURXQGPDWHULDO
RI VL]H  PP LQ +) DQG +12 LQ D SODWLQXP FXS 7KH GLVVROYHG
VDPSOHVZHUHKHDWHGLQDVDQGEHGXQWLODOOOLTXLGKDGHYDSRUDWHG7KLV
UHPRYHG WKH UHPDLQLQJ DFLGV DQG VLOLFRQ LQ WKH IRUP RI +6L) $IWHU
KHDWLQJD+&OVROXWLRQZDVDGGHGXQWLO WKHVDOWVZHUHGLVVROYHG
)LQDOO\WKHVDPSOHZDVSRXUHGLQWRDYROXPHWULFIODVNDQGGLVVROYHGWR
 PO 7KH DQDO\VHV ZHUH SHUIRUPHG DW WKH FKHPLFDO ODE RI (ONHP
7HFKQRORJ\LQ.ULVWLDQVDQG
 *ULQGLQJDQGSROLVKLQJ
)RUVDPSOHVIRUPHWDOORJUDSKLFDQDO\VLVWKHVDPSOHVZHUHPHFKDQLFDOO\
JURXQG XVLQJ 6L& SDSHU LQ WKH RUGHU     DQG 
7KH\ZHUH WKHQSROLVKHGXVLQJ'3PROPDQG'31DSP([FHSW
IRUWKHVDPSOHVIURPH[SHULPHQWV$DQG$VDPSOHVZHUHSUHSDUHGE\
7RQH $Q]M¡Q 6,17() 0DWHULDOV DQG &KHPLVWU\ 7URQGKHLP 6DPSOHV
IURP H[SHULPHQWV $ DQG $ ZHUH SUHSDUHG DW WKH 0DWHULDOV
&KDUDFWHUL]DWLRQODEDW(ONHP7HFKQRORJ\LQ.ULVWLDQVDQG
 (WFKLQJ
7R UHYHDO WKH JUDLQ VWUXFWXUH WKH VDPSOHV ZHUH HWFKHG LQ D VWLUUHG
VROXWLRQRIJPO1D2+DW&IRUPLQXWHV
 6FDQQLQJHOHFWURQPLFURVFRS\
,QYHVWLJDWLRQ RI WKH PLFURVWUXFWXUH ZDV SHUIRUPHG E\ D /9)( 6(0
=HLVV 6XSUD  93 DQG D )(6(0 =HLVV 8OWUD  /( 0RVW
PLFURJUDSKVZHUH LPDJHGZLWK D EDFN VFDWWHU HOHFWURQ GHWHFWRU %6(
([SHULPHQWDO:RUN


GHWHFWRU 7KH IUDFWLRQ RI EDFNVFDWWHUHG HOHFWURQV ǈ LV GHILQHG DV
QXPEHURIHOHFWURQVEDFNVFDWWHUHGǈ%6GLYLGHGE\QXPEHURIHOHFWURQV
LQWKHSULPDU\EHDPǈ%+MHOHQ

 %6
%
KK K 

:LWKWKHVDPHVHWWLQJVIRUYROWDJHHOHFWURQVZLOOSHQHWUDWHGHHSHULQWRD
PDWHULDOZLWKDORZDWRPLFQXPEHUWKDQDPDWHULDOZLWKDKLJKHUDWRPLF
QXPEHU\LHOGLQJPRUHEDFNVFDWWHUHGHOHFWURQVIRUDPDWHULDOZLWKDKLJK
DWRPLFQXPEHU,QWKHPLFURJUDSKWKHHIIHFWZDVVHHQDVDGLIIHUHQFHLQ
FRQWUDVWGHSHQGLQJRQWKHDWRPLFQXPEHURIWKHPDWHULDO7KHORZHUWKH
PHDQDWRPLFQXPEHUWKHGDUNHUWKHSKDVHDSSHDUHGLQWKHPLFURJUDSK
 (30$
$QHOHFWURQSUREHPLFURDQDO\]HU(30$ -(2/-;$)ZDVXVHG
WRGHWHUPLQHWKHFRPSRVLWLRQRIWKHLQWHUPHWDOOLFSKDVHVREVHUYHG7KH
ZRUNZDVSHUIRUPHGE\0RUWHQ5DDQHVDW WKH'HSDUWPHQW RI0DWHULDO
6FLHQFHDQG7HFKQRORJ\DW1718
 /LJKWPLFURVFRS\
$/HLFD0()0ZDVXVHGWRIRUWKHRSWLFDOREVHUYDWLRQVRIWKHVDPSOHV
 *UDLQVL]HGHWHUPLQDWLRQ
7KHFLUFXODULQWHUFHSWPHWKRGGHVFULEHGLQ$670( ZDV
XVHG WR GHWHUPLQH WKH DYHUDJH JUDLQ VL]H ZLWK WKH H[FHSWLRQ WKDW WKH
FLUFXPIHUHQFH RI WKH FLUFOHV ZDV QRW NHSW FRQVWDQW LQ DOO VDPSOHV DV
GHVFULEHGE\WKHVWDQGDUG7KHFLUFOHVZHUH LPSRVHGRQWKHVDPSOH LQ
,PDJH3UR$QDO\]HU


)LJXUH([DPSOHRIJUDLQVL]HPHDVXUHPHQWVDPSOH%

)RU WZR RI WKH VDPSOHV WKH DYHUDJH VXUIDFH DUHD RI WKH JUDLQV ZDV
GHWHUPLQHG E\ LPSRVLQJ D FLUFOH RQWR WKH VDPSOH DQG FRXQWLQJ WKH
(YDOXDWLRQRIXQFHUWDLQWLHVUHODWHGWRWKHH[SHULPHQWDOUHVXOWV


JUDLQVZLWKLQWKHFLUFOHDQGJUDLQVWKDWLQWHUVHFWWKHFLUFOH7KHQXPEHU
RIJUDLQV1ZDVDFFRXQWHGIRUDVJLYHQLQWKHHTXDWLRQEHORZ

1 1FLUFOH1FLUFXPIHUHQFH 

ZKHUH1FLUFOHLVWKHQXPEHURIJUDLQVZLWKLQWKHFLUFOHDQG
1FLUFXPIHUHQFHWKHQXPEHURIJUDLQVWKDWLQWHUVHFWVWKHFLUFXPIHUHQFHRI
WKHFLUFOH

6LQFHWKHDUHDRIWKHFLUFOH$ZDVNQRZQWKHQXPEHURIJUDLQVLQWKH
FLUFOHZDVXVHGWRILQGWKHDYHUDJHJUDLQVL]H
 JUDLQ $$ 1 
7KHHTXLYDOHQWJUDLQVL]HZDVWKHQFDOFXODWHGE\WKHHTXDWLRQEHORZ


JUDLQ$U S 

7KH JUDLQ VL]HPHDVXUHPHQWZDV SHUIRUPHGE\%HQWH.URND DW(ONHP
7HFKQRORJ\0DWHULDOV&KDUDFWHUL]DWLRQ/DELQ.ULVWLDQVDQG

$Q(%6'VFDQZDVSHUIRUPHGRQDVPDOOSDUWRIVDPSOH%E\<LQJGD<X
'HSDUWPHQW RI 0DWHULDO 6FLHQFH DQG 7HFKQRORJ\ 1718 LQ RUGHU WR
REWDLQDJUDLQVL]HPHDVXUHPHQW7KHEDVLVIRUWKH(%6'WHFKQLTXHFDQ
EHIRXQGLQ*ROGVWHLQHWDO
 (YDOXDWLRQ RI XQFHUWDLQWLHV UHODWHG WR WKH
H[SHULPHQWDOUHVXOWV
,Q WKH IROORZLQJ VRPH RI WKH XQFHUWDLQWLHV UHODWHG WR WKH H[SHULPHQWDO
ZRUNDUHSUHVHQWHG
 7HPSHUDWXUHPHDVXUHPHQWV
$V WKH FRROLQJ UDWH LQFUHDVHG WKH GHYLDWLRQ EHWZHHQ WKH UHFRUGHG
WHPSHUDWXUHDQG WKHDFWXDO WHPSHUDWXUH LQFUHDVHGGXH WRDSURORQJHG
UHVSRQVHWLPH)URPWKHWKHVLVRI7YHLWLWZDVVHHQWKDWRI
WKHPD[LPXPWHPSHUDWXUHUHFRUGHGZDVUHFRUGHGVHFRQGVDIWHUWKH
PHOWKLWWKHWKHUPRFRXSOH)RUWKHFRSSHUSODWHH[SHULPHQWVWKHUDSLG
KHDWUHPRYDORIWKHFRSSHUSODWHZDWHUFRROLQJDQGDORZIORZUDWHRIWKH
PHOW FRQWULEXWHG WR WKDW WKH FRUUHFW WHPSHUDWXUH LQ PHOW ZDV QRW
([SHULPHQWDO:RUN


PHDVXUHG )RU VRPH RI WKH H[SHULPHQWV WKH PD[LPXP UHFRUGHG
WHPSHUDWXUHZDVRQO\&

,Q&KDSWHUWKHFRROLQJUDWHVLQWKHH[SHULPHQWVZHUHFDOFXODWHG6LQFH
WKH ORQJ UHVSRQVH WLPH OHG WR D ORZHU UHFRUGHG WHPSHUDWXUH WKDQ WKH
DFWXDOWHPSHUDWXUHWKHWLPHWKHPHOWVROLGLILHGKDGWREHHVWLPDWHGLQ
VRPHRI WKHFDOFXODWLRQVZKLFK OHG WRDQXQFHUWDLQW\ LQ WKHFDOFXODWHG
YDOXH

&DOLEUDWLRQ GDWD IURP WKH PDQXIDFWXUHU RI WKH &W\SH WKHUPRFRXSOHV
JDYHDGHSDUWXUH IURPWKH$670((0 VWDQGDUGFXUYH
RI  & DW  & )RU WKH %W\SH WKHUPRFRXSOHV QR GHYLDWLRQ ZDV
SUHVHQWHG

,Q WKH&2062/PRGHO RI WKHZDWHU FRROHG FRSSHUSODWH WKHKHDW IOX[
IURPWKHERWWRPZDVEDVHGRQ7LQOHWDQG7RXWOHWLQWKHZDWHUVWUHDP7KH
FDOFXODWLRQXVHG  ZDWHUT &S PDVVIORZ 7$  ' 
6LQFH WKLV Ʀ7 LV RQO\ D FRXSOH RI GHJUHHV D VPDOO XQFHUWDLQW\ LQ WKH
WHPSHUDWXUHFDQKDYHDODUJHLPSDFWRQWKHFDOFXODWHGKHDWIOX[
 &KHPLFDODQDO\VLV
7KHPDWHULDOWKDWZDVDQDO\VHGZDVLQKRPRJHQHRXVGXHWKHVHJUHJDWLRQ
RI DOOR\LQJ DQG LPSXULW\ HOHPHQWV 7KLV UHVXOWHG LQ D YDULDWLRQ LQ WKH
DQDO\VLVGHSHQGLQJRQWKHDUHDWKHVDPSOHKDVEHHQH[WUDFWHGIURP
)RUWKHEXONSDUWRIWKH;5)DQDO\VLVWZRSDUDOOHOVZHUHUXQ$VDPSOH
ZDV PL[HG DQG VSOLW LQWR WZR HTXDO VL]HG VDPSOHV 7KLV UHGXFHG WKH
LQKRPRJHQHLW\EHWZHHQWKHSDUDOOHOV

'XULQJ VDPSOH SUHSDUDWLRQ LPSXULW\ HOHPHQWV FRXOG EH LQWURGXFHG
GXULQJ FUXVKLQJ RI WKH VDPSOHV 6LQFH WKH PDWHULDO LQ TXHVWLRQ ZDV
LPSXUH LW ZDV QRW DVVXPHG WR DIIHFW WKH DQDO\VLV VLJQLILFDQWO\  7KH
LQVWUXPHQWV XVHG IRU DQDO\VLV KDG FDOLEUDWHG DJDLQVW D UHIHUHQFH
PDWHULDOVLPLODUWRWKHPDWHULDODQDO\VHG7KHVDPSOHXVHGIRU;5)ZDV
JDQGZRXOGJLYHDJRRG UHSUHVHQWDWLRQRI WKHDQDO\VLV LQ WKHDUHD
ZKHUHWKHVDPSOHZDVH[WUDFWHG

7KH ;5) VLJQDO ZLOO DFFRXQW IRU WKH WRWDO DPRXQW RI WKH DOOR\LQJ
HOHPHQWV SUHVHQW LQ R[LGHV DQG LQWHUPHWDOOLF SKDVHV ,W GRHV QRW
GLVWLQJXLVK EHWZHHQ WKH WZR ,WZDV REVHUYHG WKDWPRVW VDPSOHVZHUH
(YDOXDWLRQRIXQFHUWDLQWLHVUHODWHGWRWKHH[SHULPHQWDOUHVXOWV


VODJ IUHH H[FHSW WKDW VRPH RI WKH VDPSOHV RI DOOR\ $ WKDW PLJKW KDYH
FRQWDLQHGVPDOODPRXQWVRIVODJLQFOXVLRQV

$ IHZ VDPSOHV IURP WKH PDJQHWLF VHSDUDWLRQ ZHUH WRR VPDOO WR EH
DQDO\VHG E\ ;5) DQG ZHUH WKXV DQDO\VHG E\ ,&32(6 7KH VDPSOHV
ZHUHGLVVROYHGLQ+)DQG+12,QWZRRIWKHVDPSOHVLWZDVREVHUYHG
WKDWWKHVROXELOLW\OLPLWRI$O)HDQG0JZDVUHDFKHGWKXVOHDGLQJWRWKH
SUHFLSLWDWLRQRI WKH UHVSHFWLYH VDOWV6LQFH WKH LQVWUXPHQWRQO\GHWHFWV
GLVVROYHG HOHPHQWV WKH OHYHOV RI$O )H DQG0JZLOO EH ORZHU WKDQ WKH
DFWXDO YDOXH 6RPH HOHPHQWV ZHUH DERYH WKH FDOLEUDWLRQ UDQJH IRU WKH
LQVWUXPHQW EXW IRU WKH LQVWUXPHQW XVHG WKH FDOLEUDWLRQ FXUYHV DUH
DVVXPHGWREHOLQHDUVRWKHUHSRUWHGYDOXHVVKRXOGEHTXLWHDFFXUDWH
 (30$
7KHHOHFWURQEHDPXVHGIRUWKHDQDO\VLVZLOOSHQHWUDWHWKHVXUIDFH7KLV
PHDQV WKDW LQ VRPH FDVHV WKH EHDP ZLOO SHQHWUDWH WKURXJK DQ
LQWHUPHWDOOLFSKDVHDQGDOVRNQRFNRXWHOHFWURQVIURPWKHSKDVHEHORZ
7KHEHDPZLOO DOVR KDYH D FLUFXPIHUHQFHZKLFKPHDQV WKDW WKHEHDP
FDQ WRXFK WKH DUHD RI D QHLJKERXULQJ SKDVH )RU 0*6L  WKH ORZ
FRQWUDVWEHWZHHQ WKHSKDVHVPHDQV WKDW LQ VRPHFDVHVDSRLQWZKHUH
WKHFLUFXPIHUHQFHLQFOXGHVWZRRUPRUHSKDVHVFRXOGKDYHEHHQFKRVHQ
7KLVJLYHVDQDQDO\VLVWKDWZLOOKDYHDQLQIOXHQFHIURPVHYHUDOSKDVHV
)URP WKH VWXG\ RI 5RQJ  DSSUR[LPDWHO\   RI WKH DQDO\VHV
SHUIRUPHGZHUHDFRPELQDWLRQRIWZRRUPRUHLQWHUPHWDOOLFSKDVHV7KLV
FRXOG EH WKH UHDVRQ IRU WKH UHODWLYHO\ KLJK VWDQGDUG GHYLDWLRQ RI WKH
PHDQ DWRPLF JLYHQ LQ $SSHQGL[&  ,Q WKH FDOFXODWLRQ RI WKHPHDQ
DWRPLFR[\JHQDQGFDUERQZHUHUHPRYHG IURPWKHRULJLQDOGDWDVHW
DQGWKHDPRXQWRIWKHUHPDLQLQJHOHPHQWVZDVQRUPDOL]HG
 *UDLQVL]HGHWHUPLQDWLRQV
)RUVLOLFRQLWLVGLIILFXOWWRGHILQHDJRRGYDOXHRIWKHJUDLQVL]HEHFDXVH
RI WKH ODUJH YDULDWLRQ LQ JUDLQ VL]H DQG VKDSH RI WKH JUDLQV ,Q VRPH
DUHDV JUDLQV DUH FROXPQDU DQG LQ RWKHU DUHDV PRUH HTXLD[HG $Q
DXWRPDWLF PHDVXUHPHQW ZDV DWWHPSWHG EXW QRW DFKLHYHG GXH WR WKH
IROORZLQJUHDVRQV

)RU6(0PLFURJUDSKVWKHLQWHUPHWDOOLFSKDVHVGRQRWFRYHUDOOJUDLQ
ERXQGDULHVVRLWZDVQRWSRVVLEOHWRGHILQHDJUDLQ

([SHULPHQWDO:RUN


(WFKHG VDPSOHVJDYHGLIIHUHQW FRQWUDVW EHWZHHQ WKH JUDLQV EXW WKH
FRQWUDVWZDVQRWJRRGHQRXJKIRUWKHLPDJHSURFHVVLQJSURJUDP,PDJH
-  WRGLVWLQJXLVKEHWZHHQ WKHP$OVR LQPRVW JUDLQV WZLQVZHUH
VHHQ DQG LW ZDV QRW DOZD\V SRVVLEOH WR VD\ LI D ERXQGDU\ZDV D WZLQ
ERXQGDU\RUDJUDLQERXQGDU\

7KHVWDQGDUGGHYLDWLRQVRIWKHDYHUDJHJUDLQVL]HDUHOLVWHGLQ7DEOH
7KHWDEOHLOOXVWUDWHVWKHODUJHYDULDWLRQLQWKHJUDLQVL]HLQWKHVDPSOHV
7KHJUDLQVL]HRIDSDUWRIVDPSOH%ZDVPHDVXUHGZLWK(%6'DQGDQ
DXWRPDWLFLQWHUFHSWPHWKRG7KLVJDYHDQDYHUDJHJUDLQVL]HVHYHUDO
PLFURQVVPDOOHUWKDQZKDWREVHUYHGIURPWKHFLUFXODULQWHUFHSWPHWKRG
LQGLFDWLQJDZHDNQHVV LQ WKHPHWKRGVXVHG*UDLQVL]HPHDVXUHPHQWV
KDYHQRWEHHQWKHPDLQIRFXVGXULQJWKLVZRUNEXWLWZDVFOHDUO\VHHQ
WKDW WKHUH LV D QHHG IRU D EHWWHU GHILQLWLRQ RI WKH JUDLQ VL]H LQ
LQGXVWULDOO\FDVWVLOLFRQ
 $EUDVLRQVWUHQJWK
7KHPDWHULDOXVHGIRUWKHDEUDVLRQWHVWZDVLQKRPRJHQHRXVZLWKUHJDUG
WRIDFWRUVVXFKDVJUDLQVL]HGLVWULEXWLRQRILQWHUPHWDOOLFSKDVHVOD\HUV
FUDFN DQG SRURVLW\ (YHQ WKRXJK D JLYHQ VDPSOHZDVPL[HG DQG VSLOW
SULRU WR WKH WXPEOHU WHVW WKHVH YDULDWLRQV OHDGV WR ODUJH VWDQGDUG
GHYLDWLRQVLQWKHREWDLQHGUHVXOWV
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
(YDOXDWLRQRIXQFHUWDLQWLHVUHODWHGWRWKHH[SHULPHQWDOUHVXOWV

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









 7KHUPDO+LVWRU\
,Q6HFWLRQV WR WKH WKHUPDOKLVWRU\RI WKHGLIIHUHQWH[SHULPHQWV
ZLOO EH JLYHQ 2QH RI WKH PDLQ REMHFWLYHV ZLWK WKH WHPSHUDWXUH
UHFRUGLQJVZDVWRFRUUHODWHWKHPLFURVWUXFWXUHRIWKHFDVWWRWKHWKHUPDO
KLVWRU\7KHUHVXOWRIWKLVZLOOEHJLYHQLQ&KDSWHU,QDGGLWLRQFDVWLQJ
H[SHULPHQWVFDQVHUYHDVDEDVLVIRUKHDWWUDQVIHUPRGHOVRIWKHFDVWLQJ
7ZRPDWKHPDWLFDOVLPXODWLRQPRGHOVZDVGHYHORSHG LQ&2062/D
 RQHGHVFULELQJ WKH LQGXVWULDO H[SHULPHQWZLWK0*6LDQG WKH
RWKHU GHVFULELQJ WKH FRSSHU SODWH H[SHULPHQWV %RWK PRGHOV ZLOO EH
RXWOLQHG LQ 6HFWLRQ  7RJHWKHU ZLWK WHPSHUDWXUH UHFRUGLQJV DQG
REVHUYDWLRQV GXULQJ WKH H[SHULPHQW WKH PRGHOV JDYH DQ LQFUHDVHG
XQGHUVWDQGLQJDERXWWKHVROLGLILFDWLRQSURFHVVDQGWKHFDVWSURGXFW
 $OOR\$
7ZRH[SHULPHQWVZHUHSHUIRUPHGXWLOL]LQJ$OOR\$DVRXWOLQHGLQ&KDSWHU
 ,Q WKH ILUVW H[SHULPHQW $ WKH DOOR\ ZDV WDSSHG GLUHFWO\ LQWR WKH
PRXOGIURPWKHIXUQDFHDQGLQWKHVHFRQGH[SHULPHQW$LWZDVILOOHG
LQWRDQLQVXODWHGER[
 ([SHULPHQW$
7KHWKHUPDOKLVWRU\RIH[SHULPHQW$LVJLYHQLQ)LJXUH7KHFXUYHV
LQ WKH ILJXUH UHSUHVHQW WHPSHUDWXUH UHFRUGLQJV IURP WKUHH
WKHUPRFRXSOHVSRVLWLRQHGLQWKHFDVW7KHLUSRVLWLRQVFDQEHUHDGIURP
)LJXUH  7KH WKHUPDO KLVWRU\ZDVPDLQO\ H[SODLQHG E\ )LJXUH 
EXWLQSUDFWLFDOVLOLFRQFDVWLQJVRPHH[FHSWLRQVZHUHREVHUYHG7KHIORZ
RIVLOLFRQRXWRI WKH WDSKROHZDVVORZ7KLVFDXVHGWKHPHOW WRVROLGLI\
VWHSZLVH DQG VHYHUDO VROLGLILHG OD\HUV ZHUH IRUPHG EHIRUH WKH FDVWLQJ
SURFHVVHQGHG

$OOR\$



)LJXUH7HPSHUDWXUHWLPHFXUYHIRUH[SHULPHQW$
6XUIDFHWHPSHUDWXUHGXULQJVROLGLILFDWLRQ
,Q)LJXUH VHYHUDO LPDJHVVKRWEHWZHHQPLQXWHVDQGPLQXWHV
DIWHUWKHPRXOGZDVIXOODUHJLYHQ,5LPDJHVZHUHVKRWVLPXOWDQHRXVO\
DQGWKHLPDJHVZHUHSURFHVVHGE\WKH7KHUPR&$0705HVHDUFKHU3UR
  VRIWZDUH $YHUDJH VXUIDFH WHPSHUDWXUHV ZHUH
FDOFXODWHGE\WKHSURJUDPXWLOL]LQJDVHWHPLVVLYLW\RI7KHUHVXOWV
DUHLOOXVWUDWHGLQ)LJXUHIRUDQGPLQXWHVDIWHUWKH
PRXOG ZDV IXOO   )URP (TXDWLRQ  WKH UDGLDWLYH KHDW WUDQVIHU
T :P ZDV FDOFXODWHG ,W FDQ EH VHHQ IURP WKH ILJXUH WKDW WKH
HPLVVLYHSRZHUZDVKLJKLQLWLDOO\EXWGHFUHDVHG
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)LJXUH$YHUDJHVXUIDFHWHPSHUDWXUHGXULQJVROLGLILFDWLRQ7KHHPLVVLYHKHDWIOX[
IURPWKHVXUIDFHLVDOVRJLYHQ
)LJXUHLOOXVWUDWHVDQ,5LPDJHVKRWPLQXWHVDIWHUWKHPRXOGZDV
IXOO ,W FDQEH VHHQ WKDW WKH VXUIDFH WHPSHUDWXUH YDULHGZLWKSRVLWLRQ
(YHQ WKRXJKPRVW RI WKH KHDW IORZHG LQ WKH YHUWLFDO GLUHFWLRQV VRPH
KHDWZDVH[WUDFWHGKRUL]RQWDOO\DVLOOXVWUDWHGE\WKHORZHUWHPSHUDWXUH
FORVHWRWKHVLGHVRIWKHPRXOG

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0LQXWHV DIWHU WKH PRXOG ZDV IXOO
$YHUDJHVXUIDFHWHPSHUDWXUHGXULQJVROLGLILFDWLRQ
$OOR\$


)LJXUH  6XUIDFH SORW  PLQXWHV DIWHU PRXOG ZDV IXOO
LOOXVWUDWLQJWKHWHPSHUDWXUHLQGLIIHUHQWSRVLWLRQVRIWKHFDVW
$IWHUFDVWLQJ LWZDVREVHUYHGWKDWWKHVXUIDFHZDVR[LGL]HG LQDGGLWLRQ
WR WKDWVRPHDUHDVFRQVLVWHGRIVODJ$ VXUIDFHFRYHUHG LQVODJZLOOEH
OHVV UHIOHFWLYH WKDQ D VXUIDFH RI SXUH VLOLFRQ ,Q WKH WH[WERRN E\
,QFURSHUD DQG 'H:LWW  HPLVVLYLW\ YDOXHV DUH OLVWHG IRU VRPH
PHWDOOLFDQGQRQPHWDOOLFPDWHULDOV+LJKO\R[LGL]HGVWDLQOHVVVWHHOKDV
DQ HPLVVLYLW\ RI DW .ZKLOHSROLVKHG VWDLQOHVV VWHHOKDV DQ
HPLVVLYLW\ RI  DQG  DW . DQG . UHVSHFWLYHO\ 7KLV
LOOXVWUDWHV WKDW HPLVVLYLW\ LV GHSHQGHQW RQ WKH WHPSHUDWXUH DQG WKH
VXUIDFH ILQLVK 6LQFH WKH VLOLFRQ VXUIDFH ZDV R[LGL]HG WKH HPLVVLYLW\
YDOXHRIZDVFRQVLGHUHGWREHDJRRGDYHUDJHILW
 ([SHULPHQW$
$VH[SODLQHGLQWKHH[SHULPHQWDOVHFWLRQDQDOXPLQLXPER[LQVXODWHGLQ
.DRZRROZDVXVHGDVDPRXOGLQRUGHUWRUHGXFHWKHFRROLQJUDWHGXULQJ
VROLGLILFDWLRQ7KHER[ZDVSODFHGRQWRDPRXOGRI LQGXVWULDO VL]H WKDW
IROORZHGWKHUDLOZD\DURXQGWKHIXUQDFH,Q)LJXUHWKHFRROLQJFXUYH
IRU WKHUPRFRXSOH & LV VKRZQ &RROLQJ IURP OLTXLG WR DPELHQW
WHPSHUDWXUH FDQEHGLYLGHG LQWR VHYHUDOGRPDLQVDVGHOLQHDWHG LQ WKH
ILJXUH 7KH EDVLV IRU VHSDUDWLRQ LV RXWOLQHG LQ 7DEOH  7KH VDPH
UHDVRQLQJZDVXVHGE\6FKHLHWDODQG7YHLWIRUVLOLFRQ
DQG)H6LUHVSHFWLYHO\
$OOR\$



)LJXUH7HPSHUDWXUHDQGFRROLQJUDWHFXUYHVIRUWKHUPRFRXSOH&H[SHULPHQW$
5RPDQOHWWHUVVLJQLI\LQJGLIIHUHQWFRROLQJGRPDLQVJLYHQLQ7DEOH
7DEOH'HVFULSWLRQVRIGLIIHUHQWFRROLQJGRPDLQVGXULQJFDVWLQJ
&RROLQJGRPDLQ 6LOLFRQVWDWXV 'HVFULSWLRQ
, /LTXLG /RZKHDWFDSDFLW\²YHU\
KLJKKHDWORVV
,, 6ROLGLILFDWLRQQHDU
WKHUPRFRXSOH
+LJKKHDWORVV²HYROXWLRQRI
ODWHQWKHDW
,,, 3DUWVRIWKHFDVWQRW
VROLGLILHG
,QFUHDVHGWKHUPDOJUDGLHQW
²VRPHOLTXLGVLOLFRQEHORZ
RUDERYHWKHWKHUPRFRXSOH
,9DDQGE %XON SDUW RI VLOLFRQ
KDVVROLGLILHG
/RZKHDWFDSDFLW\²KHDW
ORVVKLJKEXWDEDWLQJ
9 6ROLGLILFDWLRQRI
LQWHUPHWDOOLFSKDVHV
5HOHDVHRIODWHQWKHDW²
ORZHUVWKHFRROLQJUDWH

7ZRORFDOPLQLPXPVZHUHVHHQLQWKHFRROLQJUDWHDURXQG&
7KHVDPHSHDNVZHUHREVHUYHGLQDIHZVDPSOHVWKDWZHUHGHOLYHUHGIRU
'7$DQDO\VLV$QDO\VLQJWKHDUHDDURXQGWKHUPRFRXSOH&E\(30$LW
ZDV VHHQ DV ZLOO EH VKRZQ LQ &KDSWHU  WKDW $O&D6L DQG $O)H6L
ZHUHWKHPDLQSKDVHVREVHUYHGLQH[SHULPHQW$DVRSSRVHGWR$O&D6L
$O&D)H6L DQG $O)H6L LQ H[SHULPHQW $ 7KH REVHUYHG SHDNV ZHUH
DVVXPHGWREHDUHVXOWRIWKHVROLGLILFDWLRQRIWKHLQWHUPHWDOOLFSKDVHV

)LJXUH  LOOXVWUDWHV PHOWLQJ SRLQW PHDVXUHPHQWV REWDLQHG E\ '7$
IURPVDPSOHVH[WUDFWHGIURPH[SHULPHQWV$DQG$7KHPHOWLQJSRLQW
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
LVJLYHQDVDIXQFWLRQRIWKHWRWDODPRXQWRIDOOR\LQJHOHPHQWV$VDPSOH
H[WUDFWHGFORVHWR&KDGDPHOWLQJSRLQWFORVH&DVLQGLFDWHGE\
WKH WHPSHUDWXUH FXUYH LQ )LJXUH  7KH '7$ UHVXOWV DUH LOOXVWUDWHG
WRJHWKHU ZLWK D FDOFXODWLRQ RI WKH PHOWLQJ SRLQW XWLOL]LQJ 6LVWUXF
6LVWUXF LV D FRPSXWHU SURJUDP WKDW FDOFXODWHV WHPSHUDWXUH
SUHFLSLWDWLRQRISKDVHVDQGSXULW\RIVLOLFRQGXULQJWKHVROLGLILFDWLRQRI
0*6L 7KH EDVLV RI WKH SURJUDP KDV EHHQ GHVFULEHG LQ WKH 6,17()
UHSRUWE\'RQVHWDO


)LJXUH  &RPSDULVRQ RI PHOWLQJ WHPSHUDWXUHV IURP '7$ UHVXOWV DQG E\ 6LVWUXF
FDOFXODWLRQ
$VVHHQ IURPWKH ILJXUH WKH'7$UHVXOWVJDYH WKHVDPHWUHQG IRUPRVW
GDWDSRLQWV DV WKH6LVWUXF YDOXHV DOOR\ DGGLWLRQ UHVXOWHG LQ DPHOWLQJ
SRLQW GHSUHVVLRQ 7KH RXWOLHUV IURP WKH WUHQG ZHUH DVVXPHG WR EH D
UHVXOWRIWKHDQDO\WLFDOPHWKRGXVHGWRGHWHUPLQHWKHFRPSRVLWLRQRIWKH
VDPSOHV;5)7KH;5)VLJQDOZLOODFFRXQWIRUWKHWRWDODPRXQWRIWKH
DOOR\LQJ HOHPHQWV EXW WKH PHWKRG GRHV QRW GLVWLQJXLVK EHWZHHQ
HOHPHQWVLQLQWHUPHWDOOLFSKDVHVRUHOHPHQWVSUHVHQWDVDQR[LGHVXFK
DV DOXPLQLXP $O SUHVHQW DV DQ R[LGH ZRXOG QRW FRQWULEXWH WR WKH
PHOWLQJ SRLQW GHSUHVVLRQ DQG WKH DPRXQW RI $O XVHG LQ WKH 6LVWUXF
FDOFXODWLRQZRXOGWKHQEHWRRKLJKFRPSDUHGWRWKHUHVXOWREWDLQHGE\
'7$7KH'7$ WHPSHUDWXUH LQ WKH ILJXUHZDVDGMXVWHGZLWK UHVSHFW WR
WKHFDOLEUDWLRQSHUIRUPHGZLWKLURQDQGFRSSHU
ϭϯϰϬ
ϭϯϱϬ
ϭϯϲϬ
ϭϯϳϬ
ϭϯϴϬ
ϭϯϵϬ
ϭϰϬϬ
ϭϰϭϬ
Ϭ Ϯ ϰ ϲ ϴ ϭϬ ϭϮ ϭϰ
dĞ
ŵ
ƉĞ
ƌĂ
ƚƵ
ƌĞ
΀Σ
΁
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^ŝƐƚƌƵĐ
dͲƌĞƐƵůƚƐ
0*6L,QGXVWULDOH[SHULPHQW


 0*6L,QGXVWULDOH[SHULPHQW
,QWKHVHFRQGLQGXVWULDOH[SHULPHQWZWPHWDOOXUJLFDOJUDGHVLOLFRQ
ZDVFDVW
 7KHUPDOKLVWRU\
7KHUHFRUGHGWHPSHUDWXUHDVD IXQFWLRQRIWLPHGXULQJWKHH[SHULPHQW
LV LOOXVWUDWHG WRJHWKHU ZLWK WKH &2062/ PRGHO LQ )LJXUH  DQG
)LJXUH,QWKHILJXUHVLWFDQEHVHHQWKDWWKHWHPSHUDWXUHLQFUHDVHG
IRUHOHPHQWV&DQG&DIWHUPLQXWHV'XULQJWKLVSHULRGLWZDV
REVHUYHG WKDW OLTXLG VLOLFRQ HUXSWHG IURP WKH VXUIDFH RI WKH FDVW 7KH
UHDVRQIRUWKHHUXSWLRQLVWKDWVLOLFRQH[SDQGVGXULQJVROLGLILFDWLRQDQG
SXVKHV WKH UHPDLQLQJPHOW XSZDUGV 7KH WHPSHUDWXUH ULVHZDV ODUJHU
IRU&DQGRFFXUUHGSULRUWRWKHWHPSHUDWXUHULVHRI&7KLVLQGLFDWHV
WKDWWKHIORZRIWKHPHOWSXVKLQJLWVZD\XSWRWKHVXUIDFHVWDUWHGFORVHU
WR WKHUPRFRXSOH & DQG KDG D PRUH SURQRXQFHG HIIHFW KHUH
([DPLQDWLRQVRIWKHWRSVXUIDFHUHYHDOHGWKDWWKHWRSSDUWFORVHWR&
KDGWKHW\SLFDOVWUXFWXUHRIVLOLFRQSXVKHGWRWKHVXUIDFHLWORRNHGOLNH
D´ZRUPµ

)LJXUH  VKRZV WKH PDLQ FRROLQJ GRPDLQV IRU PHWDOOXUJLFDO JUDGH
VLOLFRQ²UHI7DEOH

)LJXUH7HPSHUDWXUHDQGFRROLQJUDWHIRUWKHUPRFRXSOH&FPIURPJUDYHO
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0*6L,QGXVWULDOH[SHULPHQW


 (PLVVLRQVGXULQJFDVWLQJ
+HDOWK VDIHW\ DQG HQYLURQPHQW +6( DUH LPSRUWDQW LVVXHV ZKHQ D
JLYHQFDVWLQJSURFHVVLVWREHHYDOXDWHG,QWKHWH[WERRNE\7DQJVWDGHW
DO0HWDOSURGXFWLRQLQ1RUZD\7YHLWGLVFXVVWKHKHDOWKVDIHW\
DQGHQYLURQPHQWDOLVVXHVUHJDUGLQJPHWDOSURGXFWLRQ

7KHPDLQ HQYLURQPHQWDO LVVXHV LQ WKH FDVWLQJ DQG VFUHHQLQJ DUHD DUH
HPLVVLRQ RI VLOLFD IXPH GXULQJ FDVWLQJ DQG GXVW JHQHUDWHG GXULQJ
KDQGOLQJWUDQVSRUWDQGFUXVKLQJVL]LQJRIWKHFDVW6HYHUDOPHDVXUHV
KDYH EHHQ PDGH RYHU WKH ODVW IHZ GHFDGHV WR LPSURYH WKH +6(
VWDQGDUGVDWWKH(ONHPSODQWVVXFKDV1 VV.DPIMRUG


)LJXUH,QGXVWULDOFDVWLQJDWDQ(ONHPSODQW
)LJXUH  SUHVHQWV D SLFWXUH WDNHQ GXULQJ FDVWLQJ 'XULQJ FDVWLQJ LW
ZDV REVHUYHG WKDW WKH HPLVVLRQV RI IXPH FHDVHG DIWHU DURXQG 
VHFRQGV 7KLVZDV LQ JRRG DJUHHPHQWZLWK WKH&2062/PRGHO RI WKH
LQGXVWULDOPRXOG )LJXUH  ,Q WKHPRGHO D FDVWLQJ WHPSHUDWXUH RI
 & UHVXOWHG LQ D VXUIDFH WKDW VROLGLILHG ZLWKLQ  VHFRQGV $V
FOHDUO\VHHQIURP)LJXUHWKHVLOLFD IXPHPDLQO\GHYHORSHGDW OLTXLG
RUQHDUOLTXLGVXUIDFHV,QWKHILJXUHWKLVZRXOGEHWKHOLTXLGVXUIDFHLQ
&RSSHUSODWHH[SHULPHQWV


WKHODGOHWKHEHDPIURPWKHODGOHWRWKHFDVWDQGWKHVXUIDFHRIWKHFDVW
ZKLOHOLTXLG

5HPRYDO RI WKH VLOLFD IXPH KDV WR EH GRQH FORVH WR WKH ODGOH DQG WKH
VLOLFRQ VXUIDFH XQWLO LW KDV VROLGLILHG $ VWDWLRQDU\ SRLQW ZKHUH WKH
PRXOGV FRXOG EH ILOOHG ZLWKLQ WKH UHDFK RI D SRZHUIXO VXFWLRQ ZRXOG
FROOHFWPRVWRIWKHVLOLFDIXPHJHQHUDWHGLQWKHFDVWLQJDUHD
 &RSSHUSODWHH[SHULPHQWV
$VVHHQIURP7DEOH&KDSWHUH[SHULPHQWVZHUHFRQGXFWHGRQ
WKHFRROHGFRRSHUSODWH7KUHHTXDOLWLHVZHUHXVHG6RODU*UDGH6LOLFRQ
6R*6L0HWDOOXUJLFDO*UDGH6LOLFRQ7\SH0*6LDQG0HWDOOXUJLFDO
JUDGHVLOLFRQW\SH0*6L,Q)LJXUHWR)LJXUHWHPSHUDWXUH
WLPHSORWVIRUWKUHHRIWKHH[SHULPHQWVDUHLOOXVWUDWHG


)LJXUH7HPSHUDWXUHWLPHFXUYHIRUH[SHULPHQW

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&RSSHUSODWHH[SHULPHQWV



)LJXUH7HPSHUDWXUHWLPHFXUYHIRUH[SHULPHQW


)LJXUH7HPSHUDWXUHWLPHFXUYHIRUH[SHULPHQW
'XHWRDORQJUHVSRQVHWLPHWKHUHZDVDQXQFHUWDLQW\FRQQHFWHGWRWKH
UHFRUGHG WHPSHUDWXUHV DV H[SODLQHG LQ 6HFWLRQ  )URP WKH 
H[SHULPHQWVFRQGXFWHGLWZDVVHHQWKDWWKHIORZSDWWHUQKDGDQLPSDFW
RQWKHWKHUPDOKLVWRU\6ROLGLILFDWLRQRFFXUUHGZLWKWZRIURQWVHYROYLQJ
IURP WRS DQG WKH ERWWRP RU DV REVHUYHG LQ PRVW FDVW VROLGLILFDWLRQ
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'LUHFWLRQDO6ROLGLILFDWLRQ&\EHUVWDUIXUQDFHH[SHULPHQW


OD\HUV IRUPHG GXULQJ FDVWLQJ EHFDXVH RI D SRRU IORZ DV VHHQ IURP
)LJXUH  7KLV KDG DQ LPSDFW RQ ERWK WKH GLVWULEXWLRQ RI
LQWHUPHWDOOLFSKDVHVDQGWKHVLOLFRQJUDLQVL]H
 'LUHFWLRQDO6ROLGLILFDWLRQ&\EHUVWDUIXUQDFH
H[SHULPHQW
6HYHUDO H[SHULPHQWV KDYH EHHQ FRQGXFWHG LQ WKH &\EHUVWDU IXUQDFH
SULRUWRWKLVH[SHULPHQWDQGWKHJHQHUDOWUHQGLQWKHWHPSHUDWXUHSURILOH
)LJXUH  ZDV FRQVLVWHQW ZLWK WKDW H[SODLQHG E\ 'DODNHU 
'DODNHUHWDODQG'DODNHUDQG6\YHUWVHQ


)LJXUH7HPSHUDWXUHDQGSRZHULQSXWGXULQJWKHFDVWLQJ
,Q )LJXUH  WKH WHPSHUDWXUH DQG SRZHU GXULQJ VROLGLILFDWLRQ LV
LOOXVWUDWHG$SURJUDPIRUWKHVROLGLILFDWLRQZDVLQLWLDWHGDIWHUFRPSOHWH
PHOWLQJDVSUHVHQWHGLQWKHH[SHULPHQWDOSDUW$VDFRQVHTXHQFHRIWKH
SURJUDP LQLWLDWHG WKH SRZHU RI WKH ORZHU VXVFHSWRUZDV UHGXFHG 7KH
XSSHU VXVFHSWRU VWDUWHG WR FRPSHQVDWH LQ RUGHU WR NHHS D VWDEOH
WHPSHUDWXUHDWWKHWRS7KLVZDVVHHQDVDQLQFUHDVHLQWKHSRZHURIWKH
XSSHUVXVFHSWRU:KHQ WKHVROLGLILFDWLRQVWDUWHGKHDWHYROYHGDQG WKH
XSSHU VXVFHSWRU QR ORQJHU QHHGHG WR LQFUHDVH LWV SRZHU 7KH
VROLGLILFDWLRQ ZDV DVVXPHG WR RFFXU ZKHQ WKH SRZHU RI WKH XSSHU
VXVFHSWRU ZDV DW PD[LPXP ZKLFK ZDV DURXQG  KRXUV )RU
WKHUPRFRXSOH 7ZKLFKZDV SODFHG LQ LQJRW  D ORZHU FRROLQJ UDWH
ZDV REVHUYHG DIWHU  KRXUV 7KLVZDV DVVXPHG WR EH WKH WLPH WKH
IURQWVWDUWVPRYLQJFORVHWRWKHWKHUPRFRXSOHDQGLW IHOW WKHUHOHDVHRI
WKHODWHQWKHDW$IWHUKRXUVWKHWHPSHUDWXUHWLSSHGEHORZ&
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'LUHFWLRQDO6ROLGLILFDWLRQ&\EHUVWDUIXUQDFHH[SHULPHQW


DQGWKHVROLGLILFDWLRQRFFXUUHGDWWKLVSRVLWLRQ:KHQWKHVROLGLILFDWLRQ
ZDVDOPRVWFRPSOHWHWKHXSSHUVXVFHSWRUQHHGHGWRLQFUHDVHLWVSRZHU
LQRUGHUWRPDLQWDLQWKHWHPSHUDWXUHRIWKHVHWSRLQW7KLVZDVGXHWRD
UHGXFWLRQ LQ WKH ODWHQWKHDWHYROYHGDQGZDVREVHUYHGDIWHUKRXUV
7KHUPRFRXSOHV7DQG70VKRXOGERWKKDYHEHHQSODFHGFP
IURPWKHFUXFLEOHERWWRP,WFDQKRZHYHUEHVHHQWKDWWKHWHPSHUDWXUH
ZDVVRPHZKDWORZHUIRU7ZKLFKLQGLFDWHGWKDWLWZDVSRVLWLRQHGD
ELWFORVHU WR WKHFUXFLEOHERWWRPRU WKDW WKH WHPSHUDWXUHSURILOH LQ WKH
IXUQDFHZDVQRWHTXDOLQDOOKRUL]RQWDOSRVLWLRQV7KHKHLJKWRIWKHVROLG
LQJRWZDVDSSUR[LPDWHO\FPFRPSDUHGWRDQLQLWLDOPHOWKHLJKWRI
FP,WWRRNDURXQGKRXUVWRFRPSOHWHWKHVROLGLILFDWLRQ7KLV
\LHOGHG DQ DYHUDJH VROLGLILFDWLRQ YHORFLW\ RI  FPKU RU  ǍPV
1RW DOO WKHUPRFRXSOHV ODVWHG WKH ZKROH H[SHULPHQWDO UXQ 7KH
WKHUPRFRXSOHVPLJKWKDYHEHHQGHVWUR\HGLQWKH0*6LFDVHVGXHWRD
UHDFWLRQEHWZHHQWKH&DLQWKHPHOWDQGWKHTXDUW]WXEHV0DUWLQHWDO
 KDYH VKRZHG WKDW DONDOLQH LPSXULWLHV FDQ KDYH D GHWULPHQWDO
HIIHFWRQIXVHGVLOLFDFUXFLEOHVGXULQJPXOWLFU\VWDOOLQHLQJRWJURZWK

$ ' KHDW IORZ PRGHO GHVFULELQJ GLUHFWLRQDO VROLGLILFDWLRQ ZDV
GHYHORSHG E\0M¡V  7KLVPRGHO KDV EHHQ IXUWKHU GHYHORSHG IRU
WKH &\EHUVWDU E\'DODNHU HW DO  DQG'DODNHU DQG 6\YHUWVHQ
 7KH UHDGHU LV UHIHUUHG WR WKHVH UHIHUHQFHV LI IXUWKHU GHWDLOV
FRQFHUQLQJWKHEDVLVIRUWKLVPRGHODUHRILQWHUHVW

'DWDIURPWKHH[SHULPHQWZDVSXWLQWRWKLV'PRGHODQGWKHUHVXOWLV
LOOXVWUDWHG LQ )LJXUH   7KH PRGHOOHG WHPSHUDWXUH LV LOOXVWUDWHG
WRJHWKHUZLWKWKHPHDVXUHGWHPSHUDWXUHFXUYHVFPIURPWKHERWWRP
RILQJRWDQGWKHFPIURPWKHERWWRPLQWKHPLGGOHRIWKHIXUQDFH
,W FDQ EH VHHQ WKDW WKH FRUUHODWLRQ EHWZHHQ WKH PRGHO DQG WKH
WKHUPRFRXSOH LQ WKHPHOW ZDV JRRG LQJRW  ,Q )LJXUH PRGHOOHG
YDOXHVRIIURQWYHORFLW\DQGIURQWSRVLWLRQDUHVKRZQWRJHWKHUZLWKIURQW
SRVLWLRQVREWDLQHGIURPWKHH[SHULPHQWDOGDWD
&RPSDULVRQRIWKHFRROLQJUDWHV



)LJXUH0HDVXUHGDQGPRGHOOHGWHPSHUDWXUHFPIURPWKHFUXFLEOHERWWRPLQ
LQJRWDQGWKHPLGGOHRIWKHIXUQDFH

)LJXUH0RGHOOHGVROLGLILFDWLRQVSHHGYǍPVDQGPRGHOOHGDQGPHDVXUHGIURQW
SRVLWLRQ[P
 &RPSDULVRQRIWKHFRROLQJUDWHV
$VGHVFULEHGLQWKHWKHRUHWLFDOVHFWLRQIDFWRUVVXFKDVWKHFRROLQJUDWH
DQGGLUHFWLRQRIKHDWIORZZLOODIIHFWWKHPLFURVWUXFWXUHRIWKHVROLGLILHG
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&RPSDULVRQRIWKHFRROLQJUDWHV


SURGXFW7RVHHKRZWKHJUDLQVL]HYDULHGZLWKWKHFRROLQJUDWHWKHORFDO
VROLGLILFDWLRQ WLPH DQG FRROLQJ UDWH ZDV HVWLPDWHG LQ WKH WHPSHUDWXUH
LQWHUYDOZKHUHVLOLFRQJUDLQVZHUHDEOHWRJURZ7KHIUDFWLRQVROLGIVDW
&ZDVDFFRUGLQJWRFDOFXODWLRQV LQ)DFW6DJHE\.DL7DQJ
,WZDVDVVXPHGWKDWDIWHUWKLVSRLQWQRJUDLQFRDUVHQLQJZRXOG
RFFXU VR WKDW WKH LQWHUYDO ZKHUH WKH JUDLQ VL]H ZDV GHWHUPLQHG ZDV
EHWZHHQ  & VWDUW VROLGLILFDWLRQ FDOFXODWHG E\.DL 7DQJ 
IRUDFRPSRVLWLRQFORVHWR0*6L)H ZW&D ZWDQG
$O   ZW  7L QRW LQFOXGHG LQ WKH FDOFXODWLRQ DQG  &
.LQRVKLWD DQG &KDPSLHU  LOOXVWUDWHG WKDW UHFU\VWDOOL]DWLRQ RI
VLOLFRQ DIWHU DQQHDOLQJ DW  &ZDVD YHU\ VORZSKHQRPHQRQ7KLV
ZDV WDNHQDVDFRQILUPDWLRQ WKDWZLWK WKHFRQVLGHUDEO\KLJKHUFRROLQJ
UDWHVLQWKHVHH[SHULPHQWVQRJUDLQFRDUVHQLQJRFFXUUHGEHORZ&
7KHFRROLQJ UDWHV IURPDVHOHFWLRQRI WKHH[SHULPHQWVDUHSUHVHQWHG LQ
7DEOH
7DEOH&RROLQJUDWHRIVHOHFWHGH[SHULPHQWV
([SHULPHQW 7KHUPRFRXSOH ,QWHUYDO& &RROLQJUDWH
&PLQXWH
0*6L
,QGXVWULDO   
&  
&  
&  
&  
&  
&  
$
$ORZHU  
$PLGGOH  
$XSSHU  
$
$  
&RSSHUSODWH
H[SHULPHQWV   
 FPIURPSODWH  
 FPIURPSODWH  
 FPIURPSODWH  
 FPIURPSODWH  
 FPIURPSODWH  
 FPIURPSODWH  
 FPIURPSODWH  
 FPIURPSODWH  
0RGHOOLQJRIWKHFDVWLQJ


'XH WR WKH ORQJ UHVSRQVH WLPH RI WKH WKHUPRFRXSOHV WHPSHUDWXUHV
DURXQGWKHVROLGLILFDWLRQWHPSHUDWXUHZHUHXVXDOO\QRWUHFRUGHG,QWKH
FDOFXODWLRQ WKH WLPH VROLGLILFDWLRQ VWDUWHG ZDV HVWLPDWHG 7KH
HVWLPDWLRQZDVEDVHGRQWKHSRVLWLRQRIWKHWKHUPRFRXSOHVDQGWKHWLPH
LWWRRNWRILOOWKHPRXOGXQGHUWKHDVVXPSWLRQRIDFRQVWDQWIORZUDWH

%DVHG RQ WKH '7$ DQDO\VLV LW ZDV DVVXPHG WKDW DOOR\ $ RQ DYHUDJH
VWDUWHGWRVROLGLI\DW&GLVUHJDUGLQJPDFURVHJUHJDWLRQLQWKHFDVW
ZKLFKZRXOGJLYHGLIIHUHQWFKHPLFDOFRPSRVLWLRQDWGLIIHUHQW ORFDWLRQV
7KH IUDFWLRQ VROLG DV D IXQFWLRQ RI WHPSHUDWXUH ZDV QRW NQRZQ EXW
&ZDVXVHGLQWKHVHFDOFXODWLRQV

,W FDQ EH VHHQ IURP WKH WDEOH WKDW WKH FRROLQJ UDWH IRU WKH XSSHU
WKHUPRFRXSOHLQWKH0*6LLQGXVWULDOH[SHULPHQW&ZDV&PLQ
FRPSDUHG WR  &PLQ LQ H[SHULPHQW $ HYHQ WKRXJK & ZDV
SRVLWLRQHG FORVHU WR WKH VXUIDFH'XULQJ FDVWLQJ LQ H[SHULPHQW $ WKH
ORZ IORZGXULQJ ILOOLQJFDXVHGD ORWRIKHDW WREH ORVW IURPWKHVXUIDFH
GXULQJWKHPLQXWHVEHIRUHWKHPRXOGZDVIXOO)RUWKH0*6LFDVH
WKH ILOOLQJ ZDV FRPSOHWH LQ RQO\ WZRPLQXWHV DQG WKH KHDW KDG WR EH
WUDQVSRUWHGWKURXJKWKHFDVWZKHUHRQO\DVPDOOSDUWRI WKHPHOWFDVW
ZDVLQFRQWDFWZLWKWKHDPELHQW7KHKHDWWUDQVSRUWZRXOGWKHUHIRUHEH
VORZHULQLWLDOO\IRUWKHXSSHUWKHUPRFRXSOHVLQWKH0*6LH[SHULPHQW
+RZHYHU DVPRUH VLOLFRQ VROLGLILHG OHVV KHDW GXH WR RYHU WHPSHUDWXUH
DQG ODWHQW KHDW QHHGHG WR EH UHPRYHG ,W ZDV HDVLHU WR WUDQVSRUW WKH
UHPDLQLQJ KHDW VLQFH WKH0*6L FDVW ZDV WKLQQHU DQG WKH JUDYHO VL]H
ODUJHU ZKLFK LQFUHDVHG WKH WUDQVSRUW IURP WKH ERWWRP KHQFH0*6L
UHDFKHGDPELHQWWHPSHUDWXUHIDVWHUWKDQFDVW$

)RUWKHFRSSHUSODWHH[SHULPHQWVLWFDQEHVHHQWKDWWKHFRROLQJUDWHVRI
WKHWKHUPRFRXSOHVSODFHGFPIURPWKHERWWRPZHUHVLPLODUZKLOH
WKHUH ZDV D ODUJHU VSDQ RI WKH FRROLQJ UDWHV  FP IURP WKH SODWH $OO
H[SHULPHQWV ZHUH VWDUWHG ZKHQ WKH WHPSHUDWXUH LQ WKH IXUQDFH ZDV
&PLQEXWWKHIORZIURPWKHIXUQDFHWRWKHSODWHDQGWKHIORZDW
WKHSODWHGLIIHUHG7KLVPD\EHWKHUHDVRQIRUWKHYDULDWLRQ
 0RGHOOLQJRIWKHFDVWLQJ
7ZRPRGHOVZDVGHYHORSHGXVLQJ&2062/0XOWLSK\VLFVDD
PRGHO GHVFULELQJ WKH LQGXVWULDO H[SHULPHQW 0*6L DQG D PRGHO
GHVFULELQJ WKH FRSSHU SODWH H[SHULPHQWV &2062/ 0XOWLSK\VLFV XVHV
WKH ILQLWH HOHPHQW PHWKRG )(0 7KH PRGHOV JDYH D IOH[LELOLW\ WR
0RGHOOLQJRIWKHFDVWLQJ


FDOFXODWH WKH FRQVHTXHQFHRI FKDQJLQJFHUWDLQSDUDPHWHUVZLWKRXW WKH
QHHGWRFRQGXFWQHZH[SHULPHQWV
 %DVLVRIWKHPRGHO
'XULQJWKHGHYHORSPHQWRIWKHPRGHOLWZDVDVVXPHGWKDWPDQ\RIWKH
WKHUPRSK\VLFDO SURSHUWLHV RIPHWDOOXUJLFDO JUDGH VLOLFRQZHUH FORVH WR
WKHSURSHUWLHVRISXUHVLOLFRQ/LWHUDWXUHYDOXHVGHVFULELQJSXUHVLOLFRQ
KDYH EHHQ XVHG IRU WKH ODWHQW KHDW KHDW FRQGXFWLYLW\ HPLVVLYLW\ DQG
KHDWFDSDFLW\RIVLOLFRQ0LOOVDQG&RXUWQH\

&2062/KDVDXVHUIULHQGO\LQWHUIDFHDQGDOORZVWKHXVHUWREXLOGWKH
PRGHOVWHSZLVH)LUVWWKHKHDWWUDQVIHUPRGXOHZDVFKRVHQDQGIRUWKH
FDVHRIVROLGLILFDWLRQWKHKHDWWUDQVIHULQVROLGVPRGXOHZDVXVHG7KH
JHRPHWU\DOVRQHHGHGWREHGHILQHGDQGLQ)LJXUHDDQG)LJXUH
WKHJHRPHWU\RIWKHLQGXVWULDOH[SHULPHQWVDQGRQHRIWKHFRSSHUSODWH
H[SHULPHQWVDUHLOOXVWUDWHG:KHQEXLOGLQJDPRGHOWKHXVHUGHILQHVWKH
PHFKDQLVPV RI KHDW WUDQVIHU DW WKH ERXQGDULHV DQG LQ WKH GLIIHUHQW
GRPDLQV 7KH HTXDWLRQV XVHG WR VROYH WKH PRGHO DUH JLYHQ LQ WKH
&2062/ XVHU JXLGH LQFOXGHG LQ WKH &2062/ 0XOWLSK\VLFV D
VRIWZDUH $VGHVFULEHG LQ WKH WKHRU\ WKHPDLQPHFKDQLVPV IRU
KHDW WUDQVIHU DUH UDGLDWLRQ FRQGXFWLRQ DQG FRQYHFWLRQ 7KH EDVLV IRU
WKHFDOFXODWLRQZDVWKHSULQFLSOHRIFRQVHUYDWLRQRIHQHUJ\2YHUDWLPH
LQWHUYDOWKHHQHUJ\LQWRWKHV\VWHPWKHHQHUJ\JHQHUDWHGODWHQWKHDW
LQWKHVROLGLILFDWLRQFDVHPXVWHTXDOEHWRWKHHQHUJ\RXWRIWKHV\VWHP
² WKHDFFXPXODWHGHQHUJ\  ,Q WKHGRPDLQVVLOLFRQJUDYHODQGPRXOG
KHDWZDVWUDQVSRUWHGE\FRQGXFWLRQDQGWKHODWHQWKHDWJHQHUDWHGZDV
DFFRXQWHGIRULQWKHH[SUHVVLRQIRUKHDWFDSDFLW\$WWKHERXQGDULHVD
KHDW IOX[ ZDV GHILQHG VXFK DV D UDGLDWLYH KHDW IOX[ DW WKH VLOLFRQ
VXUIDFH 9DOXHV ERXQGDU\ FRQGLWLRQV DQG DVVXPSWLRQV XVHG LQ WKH
PRGHOVFDQEHFROOHFWHGIURP7DEOHDQG7DEOH






0RGHOOLQJRIWKHFD

)LJXUHD6NHWFKRIWK
PPYHUWLFDO)LQHV


)LJXUH E 0HVK XVH
FRQWUROOHGPHVKDQGWKHHO



)LJXUH  6NHWFK RI W
H[SHULPHQWV 0RXOG GLPH
GLPHQVLRQVPPYHUWLFD







0RXOG
*UDYHO
6LOLFRQ
VWLQJ

H'JHRPHWU\RIWKHLQGXVWULDOPRXOG
PPYHUWLFDODQG6LOLFRQPPYHUWLFDO
G LQ WKH PRGHO 7KH VHTXHQFH W\SH XVH
HPHQWVL]HH[WUDILQH
KH ' JHRPHWU\ RI WKH  PP FDVW IUR
QVLRQ  PP YHUWLFDO DQG  PP KR
ODQGPPKRUL]RQWDO*UDSKLWHPPK

PPKRUL]RQWDO

G ZDV SK\VLFV

P FRSSHU SODWH
UL]RQWDO 6LOLFRQ
RUL]RQWDO
0RGHOOLQJRIWKHFDVWLQJ


7DEOH  3URSHUWLHV XVHG IRU WKH &2062/ PRGHO +HDW ZDV WUDQVSRUWHG E\
FRQGXFWLRQ LQ VLOLFRQ JUDYHO DQG PRXOGV 7KH ERXQGDU\ FRQGLWLRQV DW WKH GLIIHUHQW
VXUIDFHVDUHDOVRJLYHQ
6LOLFRQ 0*6L,QGXVWULDO &RSSHUSODWH
+HDWFDSDFLW\
>-NJ.@
&S7 &S7
7KHUPDO
FRQGXFWLYLW\
>:P.@
N7 N7
/DWHQWKHDW
>-NJ.@
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>-NJ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7KHUPDO
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P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
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.@
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
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ǒ6L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0RXOG ,QGXVWULDO0*6L &RSSHUSODWH

+HDWFDSDFLW\
>-NJ.@
&S  &S 
7KHUPDO
FRQGXFWLYLW\
>:P.@
&S DW& &S 
%RXQGDULHV  
+HDWIOX[
PRXOGDLU
>:P.@
$WRWDOFRQYHFWLYHDQG
UDGLDWLYHKHDWRI
7XQHGWRPRGHO
$WRWDOFRQYHFWLYHDQG
UDGLDWLYHKHDWIOX[
7XQHGWRPRGHO
+HDWIOX[
VLOLFRQDLU
>:P.@
$FRQYHFWLYHKHDWIOX[

$FRQYHFWLYHKHDWIOX[

5DGLDWLYHKHDW
IOX[>:P.@
ǆ7ZDVXVHGWRFDOFXODWH
WKHKHDWIOX[DWWKHVLOLFRQ
VXUIDFH
ǆ7ZDVXVHGWRFDOFXODWH
WKHKHDWIOX[DWWKH
VLOLFRQVXUIDFH
+HDWIOX[VLGHV $VVXPHGWREHLQVXODWHG 
+HDWIOX[
JUDSKLWHDLU
>:P.@
 $WRWDOFRQYHFWLYHDQG
UDGLDWLYHKHDWIOX[
7XQHGWRPRGHO
7KLQ7KHUPDOO\5HVLVWLYH/D\HU
VLOLFRQFRSSHU
G H>P@N >:
P.@7XQHGWRPRGHO
+HDWIOX[LQWKHZDWHUVWUHDP %DVHGRQ7LQ7RXWDQGIORZ
>OV@RIZDWHUFRROLQJ
0LOOVDQG&RXUWQH\$\OZDUGDQG)LQGOD\*HDQNRSOLV
7YHLW.VLD]HN&2062/D%DNNHQ
0RGHOOLQJRIWKHFDVWLQJ


7DEOH$VVXPSWLRQVXVHGLQWKHPRGHOV
3DUDPHWHU 0RGHO ([SHULPHQWDO
W 7KHPRXOGZDVIXOO 6ROLGLILFDWLRQVWDUWHGZKHQWKHPHOWKLWWKHPRXOG
ERWWRP
ǆ !&IRUOLTXLG
VLOLFRQ&
IRUVROLGVLOLFRQ
7HPSHUDWXUHGHSHQGHQW
)ORZ $VVXPHVQROLTXLGIORZ
7KLVZDVFRUUHFWHGE\
XVLQJDKLJKHU´KHDW
FRQGXFWLYLW\µLQWKH
OLTXLG]RQH
&RQYHFWLRQLQWKHOLTXLG
VLOLFRQDVVXPHGWR
LQFUHDVHKHDWWUDQVIHU
'LUHFWLRQ RI
WKH KHDW IORZ
LQGXVWULDO
FDVW
6LQFHWKHOHQJWKRIWKH
FDVWZDVPXFKODUJHU
WKDQWKHKHLJKWWKHKHDW
ZDVDVVXPHGWREH
WUDQVSRUWHGPDLQO\LQ\
GLUHFWLRQVLGHVZHUHVHW
WREHLQVXODWHG
+HDWIORZLQYHUWLFDO
GLUHFWLRQVEXWDOVRVRPH
LQKRUL]RQWDOGLUHFWLRQV
3ODQDULW\ WRS
VXUIDFH
$VVXPHGWKDWWKHWRS
VXUIDFHZDVSODQHDQG
WKDWWKHKHLJKWRIWKH
FDVWZDVHTXDO
WKURXJKRXWWKHFDVW
7KHVXUIDFHZDVQRWSODQH
:RUPVFRYHUHGVRPH
DUHDV
*UDYHO
LQGXVWULDO
H[SHULPHQW
$VVXPHGDFRQVWDQW
OD\HURIJUDYHOZLWKD
XQLIRUPVL]HDQG
FRQVWDQWKHLJKW
7KHKHLJKWRIWKHOD\HURI
JUDYHOYDULHGDQGDVGLG
WKHVL]HZKLFKDIIHFWHGWKH
KHDWIORZLQWKHORZHUSDUW
RIWKHFDVW

 &RPSDULVRQRIPRGHODQGLQGXVWULDOH[SHULPHQW
,Q )LJXUH  DQG)LJXUH  WKH WHPSHUDWXUHV UHFRUGHG GXULQJ WKH
H[SHULPHQW DUH LOOXVWUDWHG WRJHWKHU ZLWK WKH PRGHO )LJXUH 
LOOXVWUDWHGWKHSODFHPHQWRIWKHWKHUPRFRXSOHV
0RGHOOLQJRIWKHFDVWLQJ



)LJXUH7HPSHUDWXUHWLPHFXUYHIRUWKHUPRFRXSOH&&&DQGWKH
WKHUPRFRXSOHEHORZWKHPRXOG(GHQRWHVWHPSHUDWXUHUHFRUGHGGXULQJWKH
H[SHULPHQWDQG0GHQRWHVWKHPRGHOOHGYDOXH


)LJXUH7HPSHUDWXUHWLPHFXUYHIRUWKHUPRFRXSOH&&&WKHUPRFRXSOH
EHORZWKHPRXOG(GHQRWHVWHPSHUDWXUHUHFRUGHGGXULQJWKHH[SHULPHQWDQG0
GHQRWHVWKHPRGHOOHGYDOXH

Ϭ
ϮϬϬ
ϰϬϬ
ϲϬϬ
ϴϬϬ
ϭϬϬϬ
ϭϮϬϬ
ϭϰϬϬ
ϭϲϬϬ
Ϭ ϱ ϭϬ ϭϱ ϮϬ Ϯϱ ϯϬ ϯϱ ϰϬ
dĞ
ŵ
ƉĞ
ƌĂ
ƚƵ
ƌĞ
΀Σ
΁
dŝŵĞ΀ŵŝŶƵƚĞƐ΁
ϭͲ
ϭͲD
ϯͲ
ϯͲD
ϱͲ
ϱͲD
ĞůŽǁ
ŵŽƵůĚͲ
ĞůŽǁ
ŵŽƵůĚͲ D
Ϭ
ϮϬϬ
ϰϬϬ
ϲϬϬ
ϴϬϬ
ϭϬϬϬ
ϭϮϬϬ
ϭϰϬϬ
ϭϲϬϬ
Ϭ ϱ ϭϬ ϭϱ ϮϬ Ϯϱ ϯϬ ϯϱ ϰϬ
dĞ
ŵ
ƉĞ
ƌĂ
ƚƵ
ƌĞ
΀Σ
΁
dŝŵĞ΀ŵŝŶƵƚĞƐ΁
ϮͲ
ϮͲD
ϰͲ
ϰͲD
ϲͲ
ϲͲD
ĞůŽǁ
ŵŽƵůĚͲ
ĞůŽǁ
ŵŽƵůĚͲ D
0RGHOOLQJRIWKHFDVWLQJ


$VPHQWLRQHGLQ6HFWLRQ OLTXLGVLOLFRQHUXSWHGIURPWKHVXUIDFHRI
WKH FDVW GXULQJ WKH H[SHULPHQW LQ WKH VDPH WLPH SHULRG DV D
WHPSHUDWXUHLQFUHDVHZDVREVHUYHGIRUWKHWKHUPRFRXSOHV7KLVLQFUHDVH
ZDVQRWDFFRXQWHGIRULQWKHPRGHODQGOHGWRDGHYLDWLRQEHWZHHQWKH
H[SHULPHQWDODQGPRGHOOHGYDOXHVLQWKLVWLPHUDQJH7KHUHDVRQIRUWKH
HUXSWLRQZDVWKDWVLOLFRQH[SDQGHGGXULQJVROLGLILFDWLRQDQGSXVKHGWKH
UHPDLQLQJ PHOW XSZDUGV &RPSDULQJ WKH H[SHULHQWLDO DQG PRGHOOHG
WHPSHUDWXUHV LW LV VHHQ WKDW WKHPRGHO JLYHVDJRRGGHVFULSWLRQRI WKH
WKHUPDOKLVWRU\GXULQJWKHFDVWLQJ
 3DUDPHWHUVWXG\
$VPHQWLRQHGDWWKHVWDUWRIWKLVFKDSWHUDPRGHOFDQEHDXVHIXOWRROWR
VHH WKH HIIHFW RI FKDQJLQJRQHSDUDPHWHU LQ WKH V\VWHP %HORZD IHZ
H[DPSOHV DUH JLYHQ WKDW LOOXVWUDWHG WKH HIIHFW RI D FKDQJH LQ PHOW
WHPSHUDWXUHILQHVVL]HDQGKHLJKW
&KDQJLQJRYHUWHPSHUDWXUHLQWKHPHOW
'XULQJ WKH H[SHULPHQW LWZDV REVHUYHG WKDW WKH VLOLFD IXPH IRUPDWLRQ
FHDVHG VRRQ DIWHU WKHPRXOGZDV IXOO 7KH IXPLQJZDV D UHVXOW RI WKH
R[LGDWLRQ RI VLOLFRQ )LJXUH  VKRZV WKDW DQ LQFUHDVHG FDVWLQJ
WHPSHUDWXUH LQFUHDVHGWKHWLPHEHIRUHWKH IXPHIRUPDWLRQFHDVHG7KH
FDOFXODWLRQVZHUHSHUIRUPHGE\FKDQJLQJLQLWLDOWHPSHUDWXUHRIWKHPHOW
LQ WKH LQGXVWULDO 0*6L PRGHO DQG H[WUDFWLQJ WKH WLPH WKH VXUIDFH
WHPSHUDWXUHUHDFKHG&

0RGHOOLQJRIWKHFDVWLQJ



)LJXUH7LPHEHIRUHWKHIXPLQJFHDVHVDVDIXQFWLRQRIVWDUWWHPSHUDWXUHLQWKH
PHOW
&KDQJLQJWKHVL]HRIWKHJUDYHO


)LJXUH6XUIDFHSORWVHFRQGVDIWHUFDVWLQJPRGHOEDVHGRQWKHLQGXVWULDO
FDVH EXW ZLWK WKHUPDO FRQGXFWLYLW\  >:P.@ 5HJLRQV ZLWK WHPSHUDWXUHV EHORZ
&DUHLOOXVWUDWHGLQGDUNEOXH
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0RXOG
*UDYHO
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0RGHOOLQJRIWKHFDVWLQJ


7R LOOXVWUDWH WKH VHQVLWLYLW\ RI WKHUPDO FRQGXFWLYLW\ WKH WKHUPDO
FRQGXFWLYLW\ZDVVHWWR>:P.@$UHVXOWLQJVXUIDFHSORWLVVKRZQ
LQ)LJXUH6XUIDFHSORWZLWKDWKHUPDOFRQGXFWLYLW\RI>:P.@
LV JLYHQ LQ )LJXUH   6LQFH WKH GULYLQJ IRUFH WR KHDW WUDQVSRUW KDV
EHHQ UHGXFHG DW WKH ERWWRP PRUH KHDW PXVW EH WR EH WUDQVSRUWHG
WKURXJKWKHWRSSDUWRIWKHFDVW7KHWZRVROLGLI\LQJIURQWVPHHWFORVHU
WRWKHERWWRPDVDUHVXOWRIWKHFKDQJHGWKHUPDOFRQGXFWLYLW\7KHORZHU
SDUWZRXOGEHOLTXLGIRUDORQJHUWLPHWKDQLQWKHLQGXVWULDOH[SHULPHQW
&KDQJLQJWKHKHLJKWRIWKHFDVW
6LQFH WKH KHDW WKDW QHHGV WR EH UHPRYHG SHU P LQFUHDVHV ZKHQ WKH
KHLJKW RI WKH FDVW LQFUHDVHV WKLV ZLOO DIIHFW WKH WKHUPDO KLVWRU\ RI WKH
FDVW 7R LQYHVWLJDWH WKLV IXUWKHU WKH WHPSHUDWXUH  FP IURP WKH ILQHV
OD\HU ZDV PRGHOOHG IRU FDVWV RI KHLJKW    DQG  FP DQG WKH
UHVXOWLVJLYHQLQ)LJXUH


)LJXUH7HPSHUDWXUHFPIURPILQHVOD\HULQDQGFPFDVW1RWHWKH
ODUJHYDULDWLRQLQWKHWLPHOHQJWKIURP&WR&IRUWKHGLIIHUHQWFDVWV

$VPHQWLRQHGHDUOLHUWKH)DFW6DJHPRGHOOLQJE\.DL7DQJJDYHD
VROLGIUDFWLRQRIDW&DQGLWZDVDVVXPHGWKDWWKHSULPDU\
VLOLFRQ JUDLQ VL]H ZDV JLYHQ DW WKLV WHPSHUDWXUH EDVHG RQ WKH
UHFU\VWDOOL]DWLRQ H[SHULPHQWV E\.LQRVKLWD DQG &KDPSLHU   ,W
FDQEHVHHQWKDWWKHFRROLQJUDWHWKURXJKWKHWHPSHUDWXUHUDQJHZKHUH
WKHVLOLFRQJUDLQVL]HZDVGHWHUPLQHGZDVTXLWHVLPLODUIRUWKHGLIIHUHQW
ϰϬϬ
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ϭϰϬϬ
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dŝŵĞ΀ŵŝŶƵƚĞƐ΁
dĞŵƉĞƌĂƚƵƌĞϭĐŵĨƌŽŵĨŝŶĞƐ
ϭϬĐŵĐĂƐƚ
ϱĐŵĐĂƐƚ
ϯĐŵĐĂƐƚ
ϭ͘ϱĐŵ
ĐĂƐƚ
0RGHOOLQJRIWKHFDVWLQJ


FDVWV LQGLFDWHG E\ WKH EOXH UHFWDQJOH )RU WKH FRROLQJ UDWH LQ WKH
VXEVHTXHQW FRROLQJ WKH GLIIHUHQFH ZDV ODUJHU JLYHQ E\ WKH RUDQJH
UHFWDQJOH7KHSRVLWLRQFPIURPWKHILQHVPDLQWDLQHGDWHPSHUDWXUHLQ
WKHUHJLRQEHWZHHQ&DQG&IRUPLQXWHVIRUWKHFP
FDVW,QWKHFPFDVWDWHPSHUDWXUHLQWKLVUHJLRQZLOOEHPDLQWDLQHG
IRUPLQXWHV,IWKHUHPDLQLQJPHOWFDQUHDUUDQJHLQWKLVWHPSHUDWXUH
UDQJH DV VXJJHVWHGE\5RQJ  RQHZRXOG H[SHFW DGLIIHUHQFH LQ
WKHGLVWULEXWLRQRIWKHLQWHUPHWDOOLFSKDVHVEHWZHHQWKHFDVW+RZHYHULI
WKHGLVWULEXWLRQZDVGHWHUPLQHGE\WKHFRROLQJUDWHLQWKHUHJLRQZKHUH
WKH SULPDU\ VLOLFRQ VROLGLILHV 0DUJDULD  WKH GLVWULEXWLRQ LV
DVVXPHGWREHTXLWHVLPLODU7KLVLVORRNHGLQWRLQFKDSWHU


)LJXUH  7HPSHUDWXUH LQ GLIIHUHQW SRVLWLRQV IURP WKH ERWWRP RI WKH  FP
PRGHOOHGFDVW,WLVVHHQWKDWZKHQWKHSRVLWLRQZDVFORVHWRWKHWRSRUERWWRPVXUIDFH
WKHWHPSHUDWXUHGHFUHDVHLVIDVWLQLWLDOO\EXWVORZVXEVHTXHQWO\GXHWRWKHKHDWIURP
RWKHUDUHDVWKDWPXVWEHWUDQVSRUWHGWKURXJKWKHVXUIDFHV
)LJXUH  LOOXVWUDWHG WKDW SRVLWLRQV FORVH WR WKH WRS DQG ERWWRP
VXUIDFHVFRROHGIDVWLQLWLDOO\EXWWKHVXEVHTXHQWFRROLQJZDVVORZVLQFH
WKHKHDWIURPWKHUHVWRIWKHFDVWZDVWUDQVSRUWHGWKURXJKWKHVHDUHDV
7KH RSSRVLWH ZDV REVHUYHG IRU SRVLWLRQV FORVH WR WKH DUHD ZKHUH WKH
VROLGLI\LQJ IURQWVPHHW HJ  FP IURP WKH ERWWRP 7KH LQLWLDO FRROLQJ
ZDVVORZZKLOHWKHVXEVHTXHQWFRROLQJZDVUDSLG

)RU PRVW SRVLWLRQV LQ D WKLFNHU FDVW WKH UHPDLQLQJ PHOW ZLOO KDYH D
ORQJHU WLPH WR UHDUUDQJHEHIRUHVROLGLILFDWLRQ ,Q LQGXVWU\VHYHUDOFDVWV
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0RGHOOLQJRIWKHFDVWLQJ


DUHRIWHQPRYHGIURPWKHPRXOGDQGVWRUHGRQWRSRIHDFKRWKHU7KLV
ZLOO UHWDLQ WKHKHDW IRU D ORQJHU WLPH DQG FRXOGKDYH DQ HIIHFW RQ WKH
PLFURVWUXFWXUHRIWKHLQWHUPHWDOOLFSKDVHV
 0RGHOOLQJRIWKHFRSSHUSODWHH[SHULPHQWV
)URPWKHFRSSHUSODWHPRGHOLWZDVVKRZQWKDWIRUWKHFPDQGWKH
FPFDVHVWKHVROLGLI\LQJIURQWVPHWFORVHUWRWKHXSSHUVXUIDFHVLQFHWKH
UHVLVWDQFHWRKHDWWUDQVIHUZDVOHVVIURPWKHERWWRPWKDQIURPWKHWRS
RIWKHFDVW7KLVLVLOOXVWUDWHGDVDVXUIDFHSORWVHFRQGVDIWHUVWDUW
VROLGLILFDWLRQIRUWKHFPFDVWH[SHULPHQW


)LJXUH  6XUIDFH SORW  VHFRQGV DIWHU FDVWLQJ PRGHO EDVHG RQ FRSSHU SODWH
H[SHULPHQWFP5HJLRQVZLWKWHPSHUDWXUHVEHORZ&DUHLOOXVWUDWHGLQGDUN
EOXH
)RU WKHFPFDVW LWZDVREVHUYHG WKDW WKHPRGHOFDOFXODWHVDPRUH
KRPRJHQHRXVWHPSHUDWXUHSURILOH WKDQ IRU WKHDQGFPFDVWVVHHQ
IURPWKHVXUIDFHSORWJLYHQLQ)LJXUH$VDPSOHH[WUDFWHGIURPFDVW
ZDVVXSHULPSRVHGRQWKHVXUIDFHSORW,WFDQEHVHHQWKDWWKHDUHD
ZHUHWKHWZRIURQWVKDYHPHWLQWKHVDPSOHZDVHTXDOWRWKHDUHDZKHUH
WKHPHOW VROLGLILHV ODVW WKDW LV ZKHUH WKH IURQWVPHW  ([DPLQLQJ WKH
VHJUHJDWLRQSDWWHUQLQWKHH[WUDFWHGVDPSOHVZLWKWKHPRGHOWKHUHZDVD
JRRG ILW EHWZHHQZKHUH WKH KLJKHVW DPRXQW RI DOOR\LQJ HOHPHQWVZHUH
IRXQG DQG ZKHUH WKH PRGHO SUHGLFWHG WKH OLTXLG WR VROLGLI\ ODVW 7KLV
VXSSRUWVWKHLGHDWKDWWKHPRGHOZDVDEOHWRSUHGLFWWKHVROLGLILFDWLRQ

&RSSHU3ODWH
6LOLFRQ
5HJLRQZKHUHWKHWZR
VROLGLI\LQJIURQWVPHHW
0RGHOOLQJRIWKHFDVWLQJ


7KHPRGHO LQGLFDWHGWKDWWKHKHDWWUDQVSRUWKDYHEHHQVLJQLILFDQWDOVR
LQKRUL]RQWDOGLUHFWLRQVQRWRQO\LQYHUWLFDOGLUHFWLRQV7KHZKROHFURVV
VHFWLRQ ZDV QRW LQFOXGHG LQ WKH ILJXUH VR WKLV FDQQRW EH VHHQ IURP
ILJXUH


)LJXUH  6XUIDFH SORW  VHFRQGV DIWHU FDVWLQJ PRGHO EDVHG RQ FRSSHU SODWH
H[SHULPHQW   FP $ VDPSOH FXW IURP WKH FDVW LV VXSHULPSRVHG LQ WKH SORW
5HJLRQVZLWKWHPSHUDWXUHVEHORZ&DUHLOOXVWUDWHGLQGDUNEOXH


&RSSHU3ODWH
6LOLFRQ
5HJLRQZKHUHWKHWZR
VROLGLI\LQJIURQWVPHHW


 ,QYHVWLJDWLRQ RI WKH 0DFUR
DQG0LFURVWUXFWXUHV
7R IDFLOLWDWH WKH UHDGLQJ RI WKLV FKDSWHU D VHW RI FRORXU FRGHV ZDV
DVVLJQHGWRWKHFKHPLFDOVSHFLHVDQGLQWHUPHWDOOLFSKDVHVHQFRXQWHUHG
LQ WKH H[SHULPHQWV $Q RYHUYLHZ LV JLYHQ LQ WKH WDEOH EHORZ 7KH
FRORXULQJ DVVLJQHG WR WKH FKHPLFDO HOHPHQWV LV XVHG LQ ILJXUHV
GHVFULELQJ WKH VHJUHJDWLRQ SDWWHUQ ZKLOH WKH FRORXUV DVVLJQHG WR WKH
LQWHUPHWDOOLFSKDVHVDUHLQJHQHUDOXVHGLQDOODVSHFWVUHODWLQJWRDJLYHQ
LQWHUPHWDOOLFSKDVH

7DEOH &RORXULQJ DVVLJQHG WR HOHPHQWV DQG LQWHUPHWDOOLF SKDVHV HQFRXQWHUHG LQ
WKHWKHVLV
&KHPLFDOHOHPHQWV ,QWHUPHWDOOLFSKDVHV
6LOLFRQ6L $O&D)H6L
,URQ)H $O&D6L
$OXPLQLXP$O +7$O)H6L
&DOFLXP&D $O)H6L
7LWDQLXP7L $O)H6L
&RSSHU&X $O)H6L7L
0DQJDQHVH0Q $O)H6L7L
0DJQHVLXP0J $O)H6L7L
3KRVSKRUXV²3 $O=U6L7L
9DQDGLXP9 $O%D6L
7LQ6Q $O6L
 $O6L&H/D1G
 6L

,QWKHIROORZLQJVHFWLRQVVHYHUDOPLFURJUDSKVZLOOEHSUHVHQWHG$OO WKH
6(0PLFURJUDSKVDUHREWDLQHGXVLQJD6(0ZLWKDEDFNVFDWWHUGHWHFWRU
7KH EDVLV IRU WKH EDFN VFDWWHU GHWHFWRU WHFKQLTXHZDV RXWOLQHG LQ WKH
H[SHULPHQWDO VHFWLRQ $ SKDVH LV LPDJHGZLWK D GDUNHU FRQWUDVWZKHQ
WKH PHDQ DWRPLF QXPEHU LV ORZ FRPSDUHG WR D SKDVH ZLWK D KLJKHU
PHDQDWRPLFQXPEHU7KLVPHDQVWKDWWKHVLOLFRQPDWUL[ZLOOEHGDUNHU
WKDQWKHLQWHUPHWDOOLFSKDVHVZLWKDKLJKHUPHDQDWRPLFQXPEHU,WLV
DOVR SRVVLEOH WR GLVWLQJXLVK EHWZHHQ VRPH RI WKH LQWHUPHWDOOLF SKDVHV
EDVHGRQFRQWUDVW

6HJUHJDWLRQSDWWHUQ


6DPSOHVIURPWKHH[SHULPHQWVZLOOEHUHIHUUHGWRIUHTXHQWO\LQWKHWH[W
DQGWKHRULJLQRIWKHVDPSOHVLVVXPPDUL]HGLQ7DEOH

7DEOH/DEHOOLQJRIWKHVDPSOHVH[WUDFWHGIURPWKHH[SHULPHQWV
6DPSOHQDPH ([SHULPHQW
$ $OOR\$$
$DQG $OOR\$$
%'* 0*6,,QGXVWULDO
 &RSSHUSODWH6R*6LFP
 &RSSHUSODWH6R*6LFP
 &RSSHUSODWH0*6LFP
 &RSSHUSODWH0*6LFP
 &RSSHUSODWH0*6LFP
 &RSSHUSODWH0*6LFP
 &RSSHUSODWH0*6LFP
 &RSSHUSODWH0*6LFP
 &RSSHUSODWH0*6LFP
 &RSSHUSODWH0*6LFP
,QJRW &\EHUVWDU0*6L
,QJRW &\EHUVWDU0*6L
,QJRW &\EHUVWDU0*6L
,QJRW &\EHUVWDU(*6L

7KHVHJUHJDWLRQSDWWHUQLQWKHVDPSOHVH[WUDFWHGZLOOEHRXWOLQHGLQWKLV
FKDSWHU6LOLFRQJUDLQVL]HGLVWULEXWLRQRILQWHUPHWDOOLFSKDVHVDQGWKH
UHODWLRQVKLSWRWKHUPDOKLVWRU\FDVWLQJSURFHGXUHDQGDOOR\FRPSRVLWLRQ
DUH DOVR GLVFXVVHG ,Q DGGLWLRQ WKH GLVWULEXWLRQ RI WUDFH HOHPHQWV DQG
WKHLUSUHIHUHQFHVIRUVRPHRIWKHLQWHUPHWDOOLFSKDVHVZLOOEHORRNHGLQWR
7KHREMHFWLYHLVWRHOXFLGDWHKRZWKHVROLGLILHGSURGXFWZDVDIIHFWHGE\D
FKDQJH LQ DOOR\ FRPSRVLWLRQ LQFOXVLRQV SUHVHQW WKH VROLGLILFDWLRQ
SURFHVVLQFOXGLQJIORZGXULQJILOOLQJRIWKHPRXOGDQGFRROLQJUDWH
 6HJUHJDWLRQSDWWHUQ
/RZHUVROXELOLW\RIPRVWHOHPHQWVLQVROLGVLOLFRQDVFRPSDUHGWROLTXLG
VLOLFRQUHVXOW LQDQHQULFKPHQWRI WKHPHOWGXULQJVROLGLILFDWLRQ7KHUH
DUH PXOWLSOH SKHQRPHQD WKDW FDQ OHDG WR VHJUHJDWLRQ 2Q WKH PLFUR
VFDOH WKHUHZLOO EH VHJUHJDWLRQ EHWZHHQ WKH UHODWLYHO\ SXUH VLOLFRQ DQG
WKH LQWHUPHWDOOLFSKDVHV'HQVLW\GLIIHUHQFHVEHWZHHQVROLG VLOLFRQDQG
WKHPHOWFDQLQFUHDVHWKHVHJUHJDWLRQDWDODUJHUVFDOH6ROLGVLOLFRQKDV
,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV



D ORZHU GHQVLW\ WKDQ OLTXLG VLOLFRQ DQG ZLOO WKHUHIRUH ULVH ZKLOH
UHPDLQLQJPHOWZLOO GHVFHQG7HPSHUDWXUHGLIIHUHQFHVFDQDOVR LQLWLDWH
GHQVLW\UHODWHG IORZ 7KHVH IDFWRUV FRQWULEXWH WR DQ LQKRPRJHQHRXV
GLVWULEXWLRQ RI WKH HOHPHQWV LQ WKH FDVW ,Q WKLV VHFWLRQ WKH
PDFURVHJUHJDWLRQ REVHUYHG LQ WKH GLIIHUHQW H[SHULPHQWV ZLOO EH
GLVFXVVHG
 6HJUHJDWLRQSDWWHUQH[SHULPHQW$
7ZR H[SHULPHQWV ZHUH SHUIRUPHG XWLOL]LQJ DOOR\ $ )RU DOOR\ $ WKH
FKHPLFDODQDO\VLVLVJLYHQLQDUHODWLYHVFDOH1RQHWKHOHVVWKHUHODWLYH
VFDOHDOVRSURYLGHGXVHIXO LQVLJKW LQWRWKHVHJUHJDWLRQSKHQRPHQDDQG
JDYH DQ RSSRUWXQLW\ WR FRPSDUH WKH VHJUHJDWLRQ SDWWHUQ IURP DOO WKH
H[SHULPHQWVEDVHGRQIDFWRUVVXFKDVWKHFRROLQJUDWHDQGGLUHFWLRQRI
WKHKHDWIORZ


)LJXUH5HODWLYHDQDO\VLVRIVDPSOH$
7KHUHODWLYHDPRXQWZDVFDOFXODWHGDFFRUGLQJWRWKHIRUPXODEHORZ
ݎ݈݁ܽݐ݅ݒ݁ݒ݈ܽݑ݁ ൌ ݓݐΨݏܽ݉݌݈݁ݓݐΨ 

7KLVPHDQVWKDWWKHVDPSOHZLWKWKHPD[LPXPDPRXQWZDVDVVLJQHGD
YDOXHRI

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6HJUHJDWLRQSDWWHUQ


7KHFRQFOXVLRQ WREHGUDZQ IURPWKH ILJXUHZDV WKDWFRPSDUHG WR WKH
EXONDQDO\VLVWKHWRSSDUWRIWKHFDVWZDVGHILFLHQWLQDOOR\LQJHOHPHQWV
DQG WKH ORZHU SDUW ZDV HQULFKHG LQ DOOR\LQJ HOHPHQWV 7KH VLOLFRQ
FRQWHQWLQWKHWRSVDPSOHZDVDSSUR[LPDWHO\ZWKLJKHUWKDQLQWKH
ERWWRP VDPSOH ,Q WKH FDVH RI VROLGLILFDWLRQ IURP WKH WRS VXUIDFH WKLV
KDV OHDGWR ORZGHQVLW\VLOLFRQIORDWLQJDWWKHWRSZKLOHKLJKHUGHQVLW\
OLTXLG HQULFKHG LQ WUDFH HOHPHQWV KDYH GHVFHQGHG 6ROLGLILFDWLRQ IURP
WKH ERWWRPZLOO QRW JLYH WKH VDPHPDFURVHJUHJDWLRQ DV H[SHFWHG ZLWK
VROLGLILFDWLRQIURPWKHWRS+HUHJUDLQVWKDWVWDUWHGWRIORDWPHOWEDFNLI
WKH\ PHW PHOW ZLWK D WHPSHUDWXUH KLJKHU WKDQ WKH PHOWLQJ SRLQW RI
VLOLFRQ ,I KRZHYHU WKH\ DUULYHG LQ DQ XQGHUFRROHG UHJLRQ HTXLD[HG
JUDLQV FRXOG VWDUW WR JURZ (TXLD[HG JURZWK FRXOG DOVR KDYH EHHQ
IDFLOLWDWHG E\ LPSXULW\ SDUWLFOHV 7KH UHDVRQ IRU WKH KLJK DPRXQW RI
DOOR\LQJHOHPHQWVLQWKHVDPSOHEHWZHHQDQGFPIURPWKHWRS
ZDVUHPHOWHGILQHV

7KHUHZDVQRWDSURQRXQFHGGLIIHUHQFHLQDOOR\LQJHOHPHQWVRUVLOLFRQ
LQWKHWKUHHWRSVDPSOHV7KLVZDVDWWULEXWHGWRWKHVROLGLILFDWLRQOD\HUV
LQ WKH FDVW VHH )LJXUH  7KH OD\HUV DFWHG DV EDUULHUV IRU WKH
HQULFKHG PHOW DQG DOOR\LQJ HOHPHQWV VROLGLILHG FORVH WR WKLV ERXQGDU\
ZKHQ WKHLU VROLGLILFDWLRQ WHPSHUDWXUH ZDV UHDFKHG 7KH HQULFKHGPHOW
ZRXOG WKHUHIRUH QRW VLQN DOO WKH ZD\ WR WKH DUHD ZKHUH WKH WZR
VROLGLI\LQJIURQWVPHW7KHOD\HUVKDGDJUHDWLPSDFWRQWKHVLOLFRQJUDLQ
VL]HDQGWKHGLVWULEXWLRQRIWKHLQWHUPHWDOOLFSKDVHV

$OOR\LQJHOHPHQWVWKDWZHUHQRWVWRSSHGE\DOD\HUDFFXPXODWHGLQWKH
UHPDLQLQJ OLTXLG DQG VROLGLILHG LQ WKH DUHD EHWZHHQ  DQG  FP
ZKLFKVHHPHGWREHZKHUHWKHVROLGLI\LQJIURQWVKDYHPHW

,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV



 6HJUHJDWLRQSDWWHUQH[SHULPHQW$

)LJXUH5HODWLYHDQDO\VLVRIVDPSOH$
,QVDPSOHWKHKLJKHVWFRQWHQWRIDOOR\LQJHOHPHQWVZDVIRXQGLQWKH
WRSVDPSOH7KLVZDVH[SODLQHGE\WKHGHQVLW\FKDQJHRIVLOLFRQGXULQJ
VROLGLILFDWLRQ:KHQVLOLFRQH[SDQGHGPHOWIURPWKHLQVLGHSDUWVRIWKH
FDVWFRXOGKDYHEHHQSXVKHGWRWKHVXUIDFHZKHUHWKHUHZDVPRUHVSDFH
7KLVPHOWZDV HQULFKHG LQ DOOR\LQJ HOHPHQWV EHFDXVH LW VROLGLILHG DW D
ODWHUVWDJH

 6HJUHJDWLRQSDWWHUQ0*6LLQGXVWULDO
0HWDOOXUJLFDO JUDGH VLOLFRQZLWK D FKHPLFDO FRPSRVLWLRQ DSSOLFDEOH IRU
WKHGLUHFWV\QWKHVLVZDVFKRVHQDVWKHVHFRQGLQGXVWULDODOOR\3ULRUWR
WKH FDVWLQJ WKH EXON FRPSRVLWLRQ RI WKH ODGOH ZDV PHDVXUHG 7KH
FRQWHQWRI WKHPDLQDOOR\LQJHOHPHQWVZDV)H ZW$O 
ZW&D ZWDQG7L ZW$SRVWUHILQLQJWRRNSODFHLQ
WKHODGOHGXULQJFDVWLQJDVVHHQIURPWKHORZHUPHDQDQDO\VLVRI$ODQG
&DLQWKHILJXUHEHORZ
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
)LJXUH&KHPLFDODQDO\VLVRI VDPSOHV%DQG% LQGLIIHUHQWSRVLWLRQV IURP WKH
WRS7KHHUURUEDUVJLYHWKHVWDQGDUGGHYLDWLRQ

)LJXUH6HJUHJDWLRQSDWWHUQRIWKHPDLQWUDFHHOHPHQWVLQVDPSOH%%
)LJXUH  DQG )LJXUH  SUHVHQW WKHPHDQ FKHPLFDO DQDO\VLV RI WZR
YHUWLFDOVDPSOHV%DQG%FXWLQWKHSUR[LPLW\RIWKHUPRFRXSOHV&
& DQG & 6DPSOH % ZDV VOLJKWO\ ODUJHU WKDQ % GXH WR UHPHOWHG
JUDYHOVRWKHVDPSOHIURPRQO\FRQVLVWHGRIPDWHULDOIURP%
7KHDQDO\VLVUHYHDOHGWKDWWKHUHZDVDVHJUHJDWLRQRIDOOR\LQJHOHPHQWV
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,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV



IURPWRSWRERWWRPRIWKHFDVW7KHDPRXQWRI$O)H&DDQG7LZDVDW
DPLQLPXPLQWKHWRSVDPSOHZKLFKZDVIURPFPIURPWKHWRS
7KHPD[LPXPFRQWHQWRIWKHVHHOHPHQWVZDVIRXQGLQWKHVDPSOHIURP
 FP IURP WKH WRS 7KH VHJUHJDWLRQ FDQ EH H[SODLQHG E\
VROLGLILFDWLRQ IURP WRS DQG ERWWRP DV RXWOLQHG LQ 6HFWLRQ  7KLV
DUHDZDVWKHODVWWRVROLGLI\DVVKRZQLQ)LJXUHE7KHWHPSHUDWXUH
FXUYHV IURP WKH H[SHULPHQW WKH &2062/ PRGHO DQG WKH FKHPLFDO
DQDO\VLVDOO LQGLFDWHWKDWWKHWZRIURQWVPHWLQWKHDUHDIURPFP
IURPWKHWRS


)LJXUH D  6XUIDFH SORW  VHFRQGV DIWHU VWDUW VROLGLILFDWLRQ REWDLQHG E\ WKH
&2062/PRGHO  7KH VFDOH EDU JLYHV WKH WHPSHUDWXUH RI WKH VXUIDFH 5HJLRQV ZLWK
WHPSHUDWXUHVEHORZ&DUHLOOXVWUDWHGLQGDUNEOXH

0RXOG
*UDYHO
6LOLFRQ
6HJUHJDWLRQSDWWHUQ



)LJXUH E 6XUIDFH SORW  VHFRQGV DIWHU VWDUW VROLGLILFDWLRQ REWDLQHG E\ WKH
&2062/PRGHO  5HJLRQV ZLWK WHPSHUDWXUHV EHORZ   & DUH LOOXVWUDWHG LQ GDUN
EOXH7KHDUHDLQVLGHWKHUHFWDQJOHFRUUHVSRQGVWRWKHVDPSOHH[WUDFWHGFPIURP
WKHWRS
6DPSOH'H[WUDFWHGFORVHWRWKHUPRFRXSOHV&&DQG&DQGVDPSOH
*UHYHDOHGDQRWKHUVHJUHJDWLRQSDWWHUQWKDQVDPSOH%%$SSHQGL[
$7KHWRSSDUWRIVDPSOH'FRQWDLQHGDZRUPZKLFKUHVXOWHGLQDKLJK
FRQWHQWRIDOOR\LQJHOHPHQWVLQWKLVVDPSOH

7KHVHJUHJDWLRQSDWWHUQIRUWUDFHHOHPHQWV&X0J0Q36QDQG9DUH
LOOXVWUDWHG LQ )LJXUH  )RU 0*6L DQ DQDO\VLV SURJUDP WKDW DOVR
FRXOGGHWHFW3E%L$V=Q1L&U%D0R6E6Q<6H/DDQG&HZDV
XWLOL]HG EXW WKH FRQFHQWUDWLRQ RI WKHVH HOHPHQWV ZDV JHQHUDOO\ EHORZ
WKHGHWHFWLRQOLPLWRIWKHLQVWUXPHQW$QH[FHSWLRQZDVWKHVDPSOHWKDW
FRQWDLQHGWKHPD[LPXPDPRXQWRI$O&D)HDQG7L:KHQFRPSDULQJ
WKHVHJUHJDWLRQRIWKHWUDFHHOHPHQWVZLWKWKHPDLQDOOR\LQJHOHPHQWVLW
ZDVHDV\WRVHHDVLPLODUWUHQGIRU&X0QDQG9

7KHGLVWULEXWLRQFRHIILFLHQWVRI WLQDQGSKRVSKRUXVDUHKLJKFRPSDUHG
WR WKRVHRI YDQDGLXPFRSSHUDQGPDQJDQHVHDV VHHQ IURP7DEOH
0DJQHVLXPSKRVSKRUXVDQGHVSHFLDOO\WLQGLGQRWKDYHDSURQRXQFHG
VHJUHJDWLRQ SDWWHUQ )LJXUH  ,Q VRPH FDVHV LW ZDV RSSRVLWH WR WKH
RWKHUWUDFHHOHPHQWVWKDWLVWLQIROORZHGWKHSDWWHUQRIVLOLFRQ

0RXOG
*UDYHO
6LOLFRQ
,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV



7KH FRQFOXVLRQ IURP WKH FKHPLFDO DQDO\VLV LV WKDW WKHUH ZHUH ODUJH
YDULDWLRQVLQWKHFRPSRVLWLRQWKURXJKRXWWKHFDVW$JHQHUDOWUHQGZDV
WKDW WKH DUHD WKDW FRQWDLQHG WKH UHPDLQLQJ PHOW KDG WKH KLJKHVW
FRQFHQWUDWLRQRIDOOR\LQJHOHPHQWV7KLVDUHDPD\EH IRXQGZKHUH WKH
VROLGLI\LQJIURQWVPHWDVZHOODVLQ´ZRUPVµ
 6HJUHJDWLRQSDWWHUQFRSSHUSODWHH[SHULPHQWV
)RU WKH FRSSHU SODWH H[SHULPHQWV 0*6L LQGXVWULDO ZDV UHPHOWHG LQ
DGGLWLRQWR0*6LDQGD6R*6LTXDOLW\DVH[SODLQHGLQ&KDSWHU

7KH FKHPLFDO DQDO\VLV RI H[SHULPHQWV   DQG  DOO FRQGXFWHG
ZLWK0*6LDUHLOOXVWUDWHGLQ)LJXUHWR)LJXUH7KHDQDO\VHVRI
VDPSOHVDQGDQGDUHJLYHQLQ$SSHQGL[$,QWKHFP
VDPSOHVDQGLWZDVREVHUYHGWKDWWKHWZRVROLGLI\LQJIURQWVPHW
FORVHU WR WKH WRS WKHQ WKHERWWRPRI WKH FDVWDQG WKDW WKH ORZHU IURQW
PRYHGDSSUR[LPDWHO\PPIURPWKHFRSSHUSODWH7KLVH[SODLQV WKH
LQFUHDVHG DPRXQW RI DOOR\LQJ HOHPHQWV LQ WKH WRS VDPSOH VHHQ IURP
)LJXUH,WFDQEHVHHQWKDWERWKWKHFDOFLXPDQGDOXPLQLXPFRQWHQW
LQ WKH VDPSOHV ZHUH ORZHU WKDQ IRU WKH VWDUWLQJPDWHULDO 7KH YDSRXU
SUHVVXUHV RI FDOFLXPDQG DOXPLQLXPDUH KLJKHU WKDQ RI VLOLFRQZKLFK
PHDQVFDOFLXPFDQHDVLO\HYDSRUDWH IURPDVLOLFRQPHOW 6DIDULDQDQG
7DQJVWDG  $V GHVFULEHG LQ WKH H[SHULPHQWDO SDUW WKH GLIIHUHQW
JUDGHVRIVLOLFRQZHUHUHPHOWHGLQDIXUQDFHXQGHUDQDUJRQIORZSULRU
WR FDVWLQJ &D DQG $O PD\ KDYH HYDSRUDWHG GXULQJ WKLV SURFHVV6ODJ
ZDV REVHUYHG LQ WKH IXUQDFH DQG RQ WRS RI VRPH FDVWV VR $O DQG &D
FRXOGDOVRKDYHEHHQEHORVWGXHWRR[LGDWLRQWRWKHLUUHVSHFWLYHR[LGHV
6HJUHJDWLRQSDWWHUQ



)LJXUH&KHPLFDODQDO\VLVRIVDPSOH LQGLIIHUHQWSRVLWLRQV IURPWKH WRS7KH
HUURUEDUVJLYHWKHVWDQGDUGGHYLDWLRQ

)LJXUH&KHPLFDODQDO\VLVRIVDPSOH LQGLIIHUHQWSRVLWLRQV IURPWKH WRS7KH
HUURUEDUVJLYHWKHVWDQGDUGGHYLDWLRQ
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



)LJXUH&KHPLFDODQDO\VLVRIVDPSOH LQGLIIHUHQWSRVLWLRQV IURPWKH WRS7KH
HUURUEDUVJLYHWKHVWDQGDUGGHYLDWLRQ
)RUVDPSOHVDQGWKHPD[LPXPOHYHORI)H$ODQG7LZDVIRXQG
LQWKHVDPSOHFPIURPWKHWRS([DPLQLQJVDPSOHWKLVZDVWKH
DUHDZKHUHWKHWZRIURQWVPHW)RUVDPSOHDOD\HUZDVVHHQLQWKH
DUHDEHWZHHQWRFPIURPWKHWRS0DSSLQJRIWKHDUHDDGMDFHQWWR
WKHOD\HULQVDPSOHLOOXVWUDWHGWKDWWKLVDUHDFRQWDLQHGR[\JHQVHH
)LJXUH7KLVLVFRQILUPDWLRQWKDWWKHOD\HUZDVGXHWRORZIORZUDWH
DQGWKDWWKHVXUIDFHRIWKHOD\HUVROLGLILHGDQGR[LGL]HGEHIRUHQHZPHOW
FRYHUHGWKHVXUIDFH

([DPLQLQJ WKH VHJUHJDWLRQ SDWWHUQ RI D VHOHFWLRQ RI WUDFH HOHPHQWV
$SSHQGL[$D VLPLODU WUHQGDVREVHUYHG IRU0*6LZDVVHHQ([FHSW
IRU0J3DQG6QWKHVHJUHJDWLRQSDWWHUQUHVHPEOHGWKHSDWWHUQRI WKH
DOOR\LQJ HOHPHQWV $V VHHQ EHIRUH WKH VHJUHJDWLRQ ZDV QRW DV
SURQRXQFHG IRU 3 DQG 0J :KHQ LW FDPH WR 6Q LI VHJUHJDWLRQ ZDV
REVHUYHGLWXVXDOO\IROORZHGWKHVLOLFRQDQDO\VLV




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 6HJUHJDWLRQSDWWHUQ&\EHUVWDUIXUQDFHH[SHULPHQW
$QDO\VLVIRU,QJRWDQGDUHJLYHQLQ$SSHQGL[$7KHVHJUHJDWLRQ
SDWWHUQIRU,QJRW0*6LLVLOOXVWUDWHGLQ)LJXUH


)LJXUH6HJUHJDWLRQSDWWHUQPDLQLPSXULWLHV,QJRW0*6L&\EHUVWDUIXUQDFH
H[SHULPHQW
&RQVWLWXWLRQDOXQGHUFRROHG UHJLRQVGHYHORSHGGXULQJ VROLGLILFDWLRQGXH
WR WKHHQULFKPHQWRI WKH OLTXLG7KLV UHVXOWHG LQ WKHEUHDNGRZQRI WKH
SODQHIURQWSUREDEO\ZKHQWKHVROLGIUDFWLRQZDVEHWZHHQDQG
7KLVZDVVXSSRUWHGE\6(0H[DPLQDWLRQVRIWKHVDPSOHV,QWKHORZHU
UHJLRQRI LQJRWVDQGQRLQWHUPHWDOOLFSKDVHVZHUHIRXQG,QWKH
PLGGOHDQGWKHWRSVDPSOHWKH\ZHUHIRXQGPRUHIUHTXHQWO\

$ FRPSDULVRQZLWK WKH 6FKHLO HTXDWLRQZDV GRQH )LJXUH  ,W ZDV
VHHQ WKDW WKH FRQFHQWUDWLRQ RI DOOR\LQJ HOHPHQWV WKURXJKRXW WKH LQJRW
ZDVODUJHUWKDQSUHGLFWHGIURPWKH6FKHLOHTXDWLRQ

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


)LJXUH([SHULPHQWDODQG6FKHLOYDOXHVIRULURQDVDIXQFWLRQRIIUDFWLRQVROLG
,QJRW0*6L&\EHUVWDUIXUQDFHH[SHULPHQW)RUWKH6FKHLOFDOFXODWLRQN)H 
DQGIV DQGKDYHEHHQXVHG
,W ZDV QRW DWWHPSWHG WR ILQG DQ HIIHFWLYH GLVWULEXWLRQ FRHIILFLHQW WKDW
FRUUHVSRQGHG WR WKH REVHUYHG VHJUHJDWLRQ SDWWHUQ VLQFH WKH ;5)
DQDO\VLVJDYHWKHFRPELQHGDPRXQWRIWUDFHHOHPHQWVLQVLOLFRQPDWUL[
DQG LQWHUPHWDOOLF SKDVHV ,QYHVWLJDWLQJ WKH HIIHFWLYH GLVWULEXWLRQ
FRHIILFLHQWWKHFRQFHQWUDWLRQLQWKHVLOLFRQPDWUL[VKRXOGEHXVHGWRVHH
LI PRUH WUDFH HOHPHQWV KDYH EHHQ LQFRUSRUDWHG LQWR WKH PDWUL[ WKDQ
ZKDWSUHGLFWHGXVLQJWKHHTXLOLEULXPGLVWULEXWLRQFRHIILFLHQW

$V LQ WKHSULRUH[SHULPHQWVQRVHJUHJDWLRQZDVREVHUYHG IRU WLQZKLOH
RWKHUHOHPHQWVVKRZHGDSDWWHUQVLPLODUWRWKHPDLQHOHPHQWV$ORZHU
FRQFHQWUDWLRQ RI FDOFLXP ZDV REVHUYHG LQ WKLV H[SHULPHQW DV ZHOO
LQGLFDWLQJWKDWLWHYDSRUDWHG

:KHQFRPSDULQJVDPSOHV IURPVHYHUDO ORFDWLRQV LQ WKH IXUQDFH LWZDV
REVHUYHGWKDWWKHDQDO\VLVZDVKLJKHUWRZDUGVWKHFHQWUHRIWKHIXUQDFH
FRPSDUHG WR FORVH WR WKH PRXOG ZDOO $Q H[SODQDWLRQ FDQ EH WKDW D
WHPSHUDWXUHJUDGLHQWH[LVWHGZLWKGHFUHDVLQJ WHPSHUDWXUH WRZDUGV WKH
PRXOG ZDOO  7KH UHVXOW ZRXOG EH WKDW WKH VROLGLI\LQJ IURQW EHQGHG
WRZDUGV WKH PLGGOH RI WKH IXUQDFH :KHQ DOOR\LQJ HOHPHQWV ZHUH
UHMHFWHG DW WKH LQWHUIDFH WKH\ ZRXOG EH SXVKHG WRZDUGV WKH OLTXLG
*UDLQVL]H


UHJLRQV FDXVLQJ D PHOWLQJ SRLQW GHSUHVVLRQ 7KLV ZRXOG UHGXFH WKH
SODQDULW\RIWKHIURQW
 *UDLQVL]H
,Q 7DEOH  WKH DYHUDJH JUDLQ VL]H REWDLQHG E\ WKH FLUFXODU LQWHUFHSW
PHWKRGPPDQGHTXLYDOHQWJUDLQVL]HPPLVOLVWHGIRUDVHOHFWLRQRI
VDPSOHVH[WUDFWHGDIWHUWKHH[SHULPHQWV ,WFDQEHVHHQIURPWKHWDEOH
WKDWWKHVWDQGDUGGHYLDWLRQVLQWKHPHDVXUHPHQWVZHUHODUJHLQGLFDWLQJ
DKHWHURJHQHRXVGLVWULEXWLRQRIJUDLQVL]H ,Q6HFWLRQDGLVFXVVLRQ
DURXQG WKH XQFHUWDLQW\ UHODWLQJ WR WKH JUDLQ VL]H PHDVXUHPHQWV ZDV
JLYHQ ,Q)LJXUH%%$SSHQGL[% IRXUPDJQLILHGDUHDVRIVDPSOHV
$$%DQGDUHLOOXVWUDWHG7KHLQGLYLGXDO
VTXDUHVLQWKHILJXUHVDOOFRUUHVSRQGWRDUHDOVL]HRIFP[FP

7DEOH  $YHUDJH DQG HTXLYDOHQW JUDLQ VL]H >PP@ IRU D VHOHFWLRQ RI VDPSOHV 7KH
DYHUDJHFRROLQJUDWH LV WKHDYHUDJHRI WKHYDOXHVFDOFXODWHG IRUDJLYHQH[SHULPHQW LQ
7DEOH  (J IRU VDPSOH $ $OOR\ $ WKLV LV WKH DYHUDJH RI WKH XSSHU ORZHU DQG
PLGGOHWKHUPRFRXSOH
6DPSOH 0HDQ
>PP@
6WG
>PP@
0HDVXUHG
JUDLQ
ERXQGDULHV
$YHUDJH
FRROLQJ
UDWH
>&V@
(TXLYDOHQW
JUDLQVL]H
>PP@
$YHUDJH
JUDLQ
DUHD
>PP@
$      
$      
%      
+      
      
      
      
      
      
 &RPSDULVRQRIJUDLQVL]H
6DPSOH$LVLOOXVWUDWHGLQ)LJXUHWRJHWKHUZLWKDVHOHFWLRQRI6(0
PLFURJUDSKV )LJXUH  DQG WKH LPDJHV LQ )LJXUH % $SSHQGL[ %
LOOXVWUDWH WKDW WKHUHZHUH ODUJH YDULDWLRQV LQ WKHJUDLQVL]H WKURXJKRXW
WKHFDVW6RPHJUDLQVZHUHPRUHWKDQFPLQOHQJWKZKLOHRWKHUVZHUH
RQO\DIHZPP

/D\HUVWKDWKDYHEHHQIRUPHGGXULQJVROLGLILFDWLRQZHUHSUHVHQWLQVRPH
RIWKHFDVWV7KHOD\HUVZHUHDUHVXOWRIORZIORZUDWHRIVLOLFRQLQWRWKH
,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV



PRXOG GXULQJ WKH H[SHULPHQW ,Q )LJXUH  WKHUH LV DQ LOOXVWUDWLRQ
H[SODLQLQJKRZWKHOD\HUVZHUHIRUPHG

)LJXUH6HOHFWHG6(0PLFURJUDSKVLOOXVWUDWLQJWKHGLVWULEXWLRQRILQWHUPHWDOOLF
SKDVHVLQVDPSOH$5HGVTXDUHVFRQWDLQDUHDVWKDWKDYHEHHQPDJQLILHGLQ)LJXUH
%0LFURJUDSKDQGLOOXVWUDWHOD\HUVDQGPLFURJUDSKUHPHOWHGILQHV


)LJXUH,OOXVWUDWLRQRIWKHIRUPDWLRQRIDOD\HUGXULQJFDVWLQJ/HIWWRULJKW6(0
PLFURJUDSKVFROOHFWHGIURPFRSSHUSODWHH[SHULPHQW

 7KH VLOLFRQ VWDUWV WR VROLGLI\ IURP WKH ERWWRP RQFH WKH PHOW
WRXFKHV WKHPRXOG'XH WR WKH ORZ IORZ D VLOLFRQ VNLQ IRUPVDW
WKHVXUIDFHEHIRUHQHZPHOWDUULYHVLOOXVWUDWLRQWRWKHOHIW)LJXUH
7KLVVNLQFRQVLVWVRIDQR[LGL]HGOD\HURIVLOLFRQ

2[LGHVNLQ
0RXOG
6LOLFRQPHOW
0RXOG
6LOLFRQPHOW
0RXOG
6LOLFRQPHOW
0RXOG
6LOLFRQPHOW
6LOLFRQPHOW
*UDLQVL]H


 1HZPHOWDUULYHVRQWRSRIWKHVNLQDQGZKHQWKHPRXOGLVILOOHG
WKHPHOWDOVRVWDUWWRVROLGLI\IURPWKHWRSVXUIDFH

 7KHVROLGLI\LQJIURQWIURPWKHWRSVXUIDFHDFWVDVD´VQRZVKRYHOµ
ZKHUHDOOR\LQJHOHPHQWVDUHSXVKHGWRJHWKHUZLWKWKHIURQWGXHWR
DKLJKHUVROXELOLW\LQWKHPHOW:KHQWKHIURQWUHDFKHVWKHR[LGH
VNLQWKHDOOR\LQJHOHPHQWVDUHQRWDEOHWRSDVVDQGZLOOSUHFLSLWDWH
DORQJWKHR[LGHVNLQ7KLVLVDOVRLOOXVWUDWHGLQPLFURJUDSKVDQG
)LJXUH

 1HZ JUDLQV ZLOO QXFOHDWH DQG VWDUW WR JURZ LQ WKH GLUHFWLRQ
RSSRVLWHWRWKHKHDWIORZ%HORZWKHOD\HUGHSLFWHGLQ)LJXUH
WKHVLOLFRQPHOWZLOOEHGHSOHWHGRQDOOR\LQJHOHPHQWVFRPSDUHGWR
DERYHWKHOD\HUVLQFHWKHHQULFKHGPHOWZDVVWRSSHGE\WKHOD\HU

7KHREVHUYHGOD\HUVUHGXFHGWKHDYHUDJHJUDLQVL]HLQWKHFDVWVLQFHQHZ
JUDLQV VWDUWHG WR JURZ RQ WKH RWKHU VLGH RI D OD\HU 7KH OD\HU DOVR
UHGXFHG WKH DPRXQW RI DOOR\LQJWUDFH HOHPHQWV LQ WKH DUHDZKHUH WKH
VROLGLI\LQJIURQWVPHWVLQFHWKH\FRXOGQRWFURVVWKHOD\HUERXQGDU\$
QHZ HQULFKPHQW RI WKH OLTXLG VWDUWHG EHORZ WKH OD\HU RU DERYH
GHSHQGLQJRQWKHGLUHFWLRQRIWKHKHDWIORZ

,Q WKH XSSHU SLFWXUH WR WKH ULJKW LQ )LJXUH % DQ DUHD EHWZHHQ WZR
OD\HUV LV VHHQ  7KLVZDV WKH DUHDZLWK WKH VPDOOHVW GLVWDQFHEHWZHHQ
WZROD\HUVDQGWKHHIIHFWZDVQXPHURXVVPDOOVL]HGJUDLQV,QWKHORZHU
OHIWSLFWXUHWKHJUDLQVZHUHPXFKODUJHU7KLVZDVIURPWKHDUHDZKHUH
WKH GLVWDQFH EHWZHHQ WZR OD\HUVZDV ODUJHVW 7KLV DUHDZDV DOVR ILOOHG
ZLWKPHOWDWDQHDUO\VWDJHLQWKHFDVWLQJDQGLWZDVWKHODVWWRVROLGLI\
GXH WR SRRU KHDW FRQGXFWLRQ WKURXJK WKH ERWWRP SDUW DQG WKH ORQJ
GLVWDQFHWRWKHWRS

&RPSDULQJWKHJUDLQGLVWULEXWLRQIURPH[SHULPHQW$WRWKDWRIVDPSOH
%0*6LZKHUHQRSURQRXQFHGOD\HUVZHUH IRUPHGLWZDVVHHQWKDW
WKH JUDLQV LQ JHQHUDO ZHUH ORQJHU LQ 0*6L ZKHQ QR OD\HUV ZHUH
SUHVHQW WRDFWDVDEDUULHU WR JURZWK)LJXUH% $QRWKHUGLVWLQFWLRQ
EHWZHHQ WKH WZR FDVWV$DQG0*6LZDV WKH UHILQLQJ VWHSSULRU WR
FDVWLQJ IRU0*6L 'XULQJ D UHHILQJ VWHS LPSXULW\ SDUWLFOHV VXFK DV
VLOLFRQFDUELGHFDQEHFDSWXUHGE\ WKHVODJSKDVHRUVWLFNWR WKH ODGOH
ZDOOV DV GHVFULEHG E\ .OHYDQ  $OVR SRWHQWLDO VODJ IURP WKH
IXUQDFH FDQ EH UHWDLQHG LQ WKH ODGOH 7KLV PHDQV WKDW D FDVWLQJ
,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV



SURFHGXUH ZLWK QR SULRU UHILQLQJ ZRXOG KDYH D PHOW FRQWDLQLQJ PRUH
LPSXULW\SDUWLFOHV7KLVZDVFRQILUPHG IURP WKHFDUERQDQDO\VLV JLYHQ
LQ 6HFWLRQ  $OOR\ $ FRQWDLQHGPRUH FDUERQ WKDQ0*6L 7KH 6L&
SDUWLFOHVFDQDFWDVDVRXUFHIRUKHWHURJHQHRXVQXFOHDWLRQDQGVWDELOL]H
WKHJURZWKRIHTXLD[HGJUDLQVDQGWKXV\LHOGDILQHUJUDLQGLVWULEXWLRQ
7KLV ZDV REVHUYHG E\ 0DQJHOLQFN 1RrO DQG 'XIIDU  ZKR
UHJLVWHUHGDODUJHQXPEHURIHTXLD[HGJUDLQVLQDSRO\FU\VWDOOLQHVLOLFRQ
ZDIHU 6(0 REVHUYDWLRQV FRUUHODWHG WKLV WR WKH SUHVHQFH RI 6L& LQ
HTXLD[HGUHJLRQV

3ULRU WR H[DPLQLQJ WKH WKHUPDO KLVWRU\ DQG WKH JUDLQ VL]H RI WKH WZR
FDVWV LW ZDV DVVXPHG WKDW $ GXH WR DQ LQFUHDVHG KHLJKW
DSSUR[LPDWHO\FPYVFPDQGDVPDOOHUVL]HRIILQHVPP
YV  PPZRXOGKDYH D ORZHU FRROLQJ UDWH DQG WKDW WKLVZRXOG
\LHOGDODUJHUDYHUDJHJUDLQVL]HFRPSDUHGWR0*6L,WVHHPVKRZHYHU
WKDWWLPHWRILOOWKHPRXOGPLQXWHVYVPLQXWHVDQGWKHODFNRID
UHILQLQJVWHSGHFUHDVHG WKHJUDLQVL]H LQSRUWLRQVRI WKH FDVW )RU WKH
0*6LFDVWDUDSLGILOOLQJRIWKHPRXOGOHGWRDVLWXDWLRQZKHUHOHVVKHDW
ZDVUHPRYHGGXULQJILOOLQJDQGPRUHVXSHUKHDWDQGODWHQWKHDWKDGWR
EH UHPRYHG DIWHU ILOOLQJ  )RU DOOR\ $ D ORZ IORZ UDWH UHGXFHG WKH
WHPSHUDWXUHRIWKHPHOWDQGLQWKHUHJLRQVZKHUHOD\HUVZHUHWKLQWKH
GLVWDQFHWRWKHWRSVXUIDFHRIWKHOD\HUZDVVKRUWZKLFKIDFLOLWDWHGWKH
KHDW WUDQVSRUW)RUD OD\HU WR IRUP WKH WHPSHUDWXUH LQ WKHPHOWPXVW
KDYHEHHQORZVRWKDWWKHVXUIDFHFRXOGVROLGLI\EHIRUHQHZPHOWDUULYHG
RQ WRS +XQW  GHVFULEHV WKDW LQ VPDOO FDVWLQJV ORZ SRULQJ
WHPSHUDWXUHLVRIWHQXVHGWRSURPRWHHTXLD[HGJURZWK

$QRWKHUGLVWLQFWLRQEHWZHHQWKHWZRFDVWVZDVWKHLQFUHDVHGDPRXQWRI
DOOR\LQJ HOHPHQWV LQ DOOR\ $ FRPSDUHG WR0*6L 7KHPHOW FRQWDLQHG
DURXQGDOOR\LQJHOHPHQWVDQGLIDVLOLFRQJUDLQZDVGHWDFKHGIURP
LWV SDUHQW FU\VWDO DQG IRXQG LWVHOI LQ D FRQVWLWXWLRQDOO\ XQGHUFRROHG
UHJLRQDQHTXLD[HGJUDLQFRXOGJURZ7KHHIIHFWZDV LOOXVWUDWHGE\ WKH
&\EHUVWDUIXUQDFHH[SHULPHQW$OOLQJRWVKDGWKHVDPHWKHUPDOKLVWRU\
EXWRQO\,QJRWFRQWDLQLQJ(*6LFRQVLVWHGRIPDLQO\FROXPQDUJUDLQV
,Q WKH LQJRWV WKDW FRQWDLQHG 0*6L WKH FRQFHQWUDWLRQ RI DOOR\LQJ
HOHPHQWV DW WKH LQWHUIDFH LQFUHDVHG VR PXFK WKDW FRQVWLWXWLRQDOO\
XQGHUFRROHGUHJLRQVGHYHORSHGZKLFKIDFLOLWDWHGHTXLD[HGJURZWK,WZDV
REVHUYHG WKDW FROXPQDU JUDLQV DGYDQFHG IXUWKHU FORVH WR WKH IXUQDFH
ZDOO WKDQ FORVH WR WKH PLGGOH RI WKH IXUQDFH  7KLV VXSSRUWV WKH
*UDLQVL]H


REVHUYDWLRQVIURPWKHFKHPLFDODQDO\VLVWKHIURQWZDVQRWEHHQSODQDU
GXULQJVROLGLILFDWLRQ

)RU WKH FRSSHU SODWH H[SHULPHQWV ZKHQ QR OD\HUV ZHUH SUHVHQW WKH
JUDLQVZHUHPRUHRUOHVVDEOHWRJURZXQWLOWKHWZRIURQWVPHW7KHHIIHFW
RIWKHOD\HUVZDVDUHGXFWLRQLQWKHDYHUDJHJUDLQOHQJWK7KLVZDVVHHQ
IRU WKH  FPDQG FP VDPSOHV WKDWZHUH H[DPLQHG WKHUHZDVQRW D
GLVWLQFWGLIIHUHQFHLQJUDLQVL]HJUDLQOHQJWKEHWZHHQWKHVHFRSSHUSODWH
H[SHULPHQWVDVDFRQVHTXHQFHRIWKHOD\HUVDVVHHQIURP7DEOHDQG
)LJXUH%WR)LJXUH%

&RUUHODWLQJWKHWKHUPDOKLVWRU\REWDLQHGIURPWKH&2062/PRGHORIWKH
LQGXVWULDO FDVW LOOXVWUDWHG LQ )LJXUH  WR WKH JUDLQ VL]H LQ WKH
LQGXVWULDO FDVW LW ZDV REVHUYHG WKDW LQ DUHDV ZKHUH WKH KHDW ZDV
UHPRYHGUDSLGLQLWLDOO\JUDLQVZHUHVPDOOHU)LJXUH%7KHVHZHUHWKH
DUHDV FORVH WR WKH WRSDQGERWWRPVXUIDFHV$V VHHQ IURP)LJXUH
WKHVXEVHTXHQWFRROLQJZDVVORZHUVLQFHKHDWIURPWKHUHVWRIWKHFDVW
KDG WREH WUDQVSRUWHG WKURXJK WKHVHDUHDV  ,QDUHDVZKHUH WKH LQLWLDO
FRROLQJ ZDV VORZ ZKLOH WKH VXEVHTXHQW FRROLQJ ZDV UDSLG JUDLQ
FRDUVHQLQJZDVREVHUYHG7KLVVXSSRUWVWKHDVVXPSWLRQWKDWWKHJUDLQ
FRDUVHQLQJRIWKHVLOLFRQJUDLQVWRRNSODFHDWWHPSHUDWXUHVFORVHWRWKH
PHOWLQJSRLQWRIVLOLFRQ

:KHQ REVHUYLQJ HWFKHG VLOLFRQ VDPSOHV QXPHURXV WZLQ ERXQGDULHV
ZHUH UHYHDOHG LOOXVWUDWLQJ WKDW JURZWK E\ WZLQQLQJ ZDV D FRPPRQ
JURZWKPHFKDQLVPLQWKHVDPSOHV6RPHRIWKHVHERXQGDULHVFDQHDVLO\
EH VHHQ IURP )LJXUH % WR )LJXUH % 7ZLQ ERXQGDULHV ZHUH DOVR
REVHUYHGLQVDPSOHVFXWQRUPDOWRWKHJURZWKGLUHFWLRQ

,Q 7DEOH  ERWK DYHUDJH JUDLQ VL]H DQG DYHUDJH FRROLQJ UDWH LQ WKH
UHJLRQZKHUHWKHVLOLFRQJUDLQVL]HZDVGHWHUPLQHGZDVSUHVHQWHGIRUD
VHOHFWLRQRIWKHH[SHULPHQWV7KHYDOXHVIRU$$%DQGDUH
VXSHULPSRVHG RQ WKH UHVXOWV FROOHFWHG IURP)RUZDOG  LQ )LJXUH

,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV




)LJXUH'DWDFROOHFWHGIURP)RUZDOGDQGVXSHULPSRVHGGDWDIURPDIHZRI
WKH H[SHULPHQWV LQ WKLVZRUN%$$ 6WDUV LQ FLUFOHV DUHERWK RI VDPSOH%
0*6L ,QGXVWULDO EXW WKH JUDLQ VL]H LQ WKH ORZHU FLUFOH ZDV GHWHUPLQHG E\ (%6'
HOHFWURQEDFNVFDWWHUGLIIUDFWLRQ1RWHWKHODUJHGHYLDWLRQEHWZHHQWKHPHWKRGV
,W FDQ EH VHHQ IURP WKH ILJXUH WKDW WKH FDOFXODWHG YDOXHV IURP WKH
FLUFXODULQWHUFHSWPHWKRGZHUHODUJHUWKDQWKHJLYHQIURPHDUOLHUZRUN
7KH DYHUDJH JUDLQ VL]H RI D SDUW RI VDPSOH % REWDLQHG IURP HOHFWURQ
EDFNVFDWWHUGLIIUDFWLRQ(%6'ZDVFRPSDUHGWRWKHJUDLQVL]HREWDLQHG
E\WKHFLUFXODULQWHUFHSWPHWKRGǍPYVǍP7KH
(%6'YDOXHZDVREWDLQHGZLWKWKHOLQHDULQWHUFHSWPHWKRG7KHUHVXOWV
IURP WKH (%6' DUH JLYHQ LQ 7DEOH % $SSHQGL[ % 6RPH RI WKH
OLPLWDWLRQVFRQFHUQLQJWKHGHWHUPLQDWLRQRIJUDLQVL]HDQGFRROLQJUDWH
ZHUH GLVFXVVHG LQ &KDSWHU  DQG WKHVH XQFHUWDLQWLHV PLJKW KDYH
FRQWULEXWHG WR WKH GHYLDWLRQ IURP HDUOLHU ZRUN  ,Q DGGLWLRQ DV VHHQ
IURP DPRQJ RWKHUV H[SHULPHQW $ DQG&\EHUVWDU IXUQDFH H[SHULPHQW
VHYHUDO IDFWRUV FRQWULEXWHG WR WKH ILQDO JUDLQGLVWULEXWLRQQRWRQO\ WKH
FRROLQJ UDWH 7KLV PHDQV WKDW D VLPSOH OLQHDU UHODWLRQVKLS EHWZHHQ
FRROLQJUDWHDQGJUDLQVL]HZLOOQRWEHDEOHJLYHWKHZKROHSLFWXUH7KH
IDFWRUVWKDWZHUHFRQVLGHUHGWREHRIKLJKHVWLPSRUWDQFHDQGWKHLUHIIHFW
DUH OLVWHG LQ 7DEOH  7KH ILQDO JUDLQ GLVWULEXWLRQ ZDV D UHVXOW RI
LQWHUSOD\ EHWZHHQ WKH IDFWRUV OLVWHG LQ WKH WDEOH ,I D JLYHQ JUDLQ
GLVWULEXWLRQLVWKHDLPWKHVHIDFWRUVPXVWEHFRQWUROOHG


*UDLQVL]H


7DEOH0DLQIDFWRUVWKDWGHWHUPLQHGWKHJUDLQVL]HRIWKHFDVWLQJV
 +LJK /RZ
&RROLQJUDWH
$ODUJHJUDLQSRSXODWLRQ
ZDVDEOHWRJURZWKH
DYHUDJHJUDLQVVL]HZDV
UHGXFHG
*UDLQVWKDWUHPRYHG
KHDWPRVWHIILFLHQWO\
RXWJUHZRWKHUJUDLQV$
JUDLQFRDUVHQLQJWRRN
SODFHDQGDYHUDJHJUDLQ
VL]HLQFUHDVHG
3DUWLFOHVLQ
WKHPHOW
VXFKDV6L&
,QFOXVLRQVFRXOGKDYH
UHGXFHGWKHEDUULHUWR
QXFOHDWLRQPRUHJUDLQV
QXFOHDWHGJUDLQ
UHILQHPHQW
/HVVKHWHURJHQHRXV
QXFOHDWLRQ
/D\HUV
/D\HUVDFWHGDVDEDUULHUWR
JURZWK$YHUDJHJUDLQVL]H
UHGXFHG
'LVUHJDUGLQJHTXLD[HG
JURZWK*UDLQVJUHZ
XQWLOWKHVROLGLI\LQJ
IURQWVPHW²UHVXOWZDV
LQFUHDVHGJUDLQOHQJWK
$OOR\LQJ
HOHPHQWV
&RQVWLWXWLRQDOFRROLQJ
FUHDWHGXQGHUFRROHGUHJLRQV
ZKHUHGHWDFKHGVLOLFRQ
JUDLQVZHUHVWDEOHWRJURZ
ZLWKWKHUHVXOWRIPRUH
HTXLD[HGJUDLQV
%UHDNGRZQRIDSODQDUIURQW
LQGLUHFWLRQDOVROLGLILFDWLRQ
,IWKHWHPSHUDWXUH
JUDGLHQWDWWKHLQWHUIDFH
ZDVSRVLWLYHDSODQH
IURQWZRXOGEHVWDEOHIRU
SXUHPDWHULDOV
7HPSHUDWXUH
LQPHOW
6LOLFRQJUDLQVWKDWZHUH
GHWDFKHGIURPWKHLUSDUHQW
FU\VWDOZRXOGPHOWEDFNLQ
FRQWDFWZLWKWKHOLTXLG
ZKHQ7!707KHUHVXOWZDV
DQLQFUHDVHLQDYHUDJH
JUDLQVL]H
/RZPHOWWHPSHUDWXUH
LQFUHDVHGWKHSRVVLELOLW\
WKDWDGHWDFKHGVLOLFRQ
JUDLQFRXOGJURZ/HVV
KHDWQHHGHGWREH
UHPRYHG5HVXOW
'HFUHDVHGDYHUDJH
JUDLQVL]H

7KHEDVLV IRU WKH WKHRU\ FRQFHUQLQJ WKH IDFWRUVJLYHQ LQ WKH WDEOHZDV
JLYHQLQ&KDSWHU,WFDQEHVHHQWKDWWKHFRROLQJUDWHKHWHURJHQHRXV
QXFOHDWLRQFRQVWLWXWLRQDOXQGHUFRROLQJDQGWHPSHUDWXUHLQWKHPHOWDUH
DOOIDFWRUVWKDWDUHZHOOGHVFULEHGLQWKHOLWHUDWXUH/D\HUFDVWLQJLVDOVR
DPHWKRGWKDWKDVEHHQXVHGLQLQGXVWU\IRUDZKLOHWRREWDLQDVPDOOHU
JUDLQ VL]H +RZHYHU LQ WKH OLWHUDWXUH VHDUFK QR VWXG\ KDV EHHQ IRXQG
GHVFULELQJ KRZ WKH OD\HUV DFW DV D ERXQGDU\ IRU LQFOXVLRQV DQG
LQWHUPHWDOOLFSKDVHV7KLVLVDQLPSRUWDQWDVSHFWZKHQFRQVLGHULQJWKH
VHJUHJDWLRQDQGGLVWULEXWLRQRILQWHUPHWDOOLFSKDVHVLQWKHFDVW
,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV



 'LVWULEXWLRQ DQG LGHQWLILFDWLRQ RI WKH
LQWHUPHWDOOLFSKDVHV
,QWKHIROORZLQJLWZLOOEHGHVFULEHGKRZWKHGLVWULEXWLRQRILQWHUPHWDOOLF
SKDVHV DQG WKH W\SH RI LQWHUPHWDOOLF SKDVHV IRUPHG GLIIHUV LQ WKH
H[SHULPHQWVDVDUHVXOWRIWKHFRPSRVLWLRQWKHUPDOKLVWRU\DQGFDVWLQJ
PHWKRG
 'LVWULEXWLRQRILQWHUPHWDOOLFSKDVHV
7KH GLVWULEXWLRQ RI LQWHUPHWDOOLF SKDVHV FKDQJHGZLWK WKH FRROLQJ UDWH
DQG DIIHFWHG WKH VWUXFWXUH RI WKH FDVW VLOLFRQ 7KLV ZDV REVHUYHG E\
FRPSDULQJ6(0PLFURJUDSKVRI0*6L LQGXVWULDO DQG0*6LFRSSHU
SODWH  FP $SSHQGL[ % )LJXUH % DQG %  0RUH JUDLQ
ERXQGDULHV ZHUH FRYHUHG ZLWK LQWHUPHWDOOLF SKDVHV LQ WKH  FRSSHU
SODWHFDVH)LJXUH%7KLVREVHUYDWLRQKDVDOVREHHQGRQHE\DXWKRUV
VXFK DV0DUJDULD %XOORQ  IRU VLOLFRQ FDVW RQWR D ZDWHU
FRROHGFRSSHUSODWH

:KHQJUDLQVDUHVPDOOWKHWRWDOVXUIDFHDUHDRIWKHJUDLQVZLOOEHODUJHU
DQGWKHLQWHUPHWDOOLFSKDVHVFDQGLVWULEXWHRYHUDODUJHUVXUIDFH,QWKH
GLUHFW V\QWKHVLV WKH QXPEHU RI VLWHV DWWDFNHG LV GHWHUPLQHG E\ WKH
OHQJWK RI WKH JUDLQV DVVRFLDWHG ZLWK LQWHUPHWDOOLFV DFFRUGLQJ WR%DXG
DQG0DUJDULD

2QHUHDVRQIRUWKHLQFUHDVHGVXUIDFHDUHDLQFRQWDFWZLWKVLOLFRQHIIHFW
FDQEHIRXQGFRQVLGHULQJVXUIDFHHQHUJ\6LPSOLILHGLWFDQEHVDLGWKDW
WKH VXUIDFH HQHUJ\ LV D UHVXOW RI DQ LPEDODQFH LQ WKH LQWHUPROHFXODU
IRUFHVWKDWDFWRQWKHPROHFXOHV LQWKHERXQGDU\EHWZHHQWZRSKDVHV
,QWKHEXONWKHUHZRXOGEHQRVXFKLPEDODQFHDQGWKHVXPRIWKHIRUFHV
DFWLQJ RQ WKH PROHFXOHV LV ]HUR )RU PROHFXOHV DW WKH VXUIDFH WKLV
LPEDODQFH FDXVHV WKHPROHFXOHV WR EH GUDZQ WRZDUGV WKH EXON0¡UN
)RUDUHPDLQLQJPHOWLWZLOOEHSUHIHUHQWLDOWKDWWKHUDWLRVXUIDFH
DUHD LQFRQWDFWZLWKVLOLFRQPDWUL[$DQGWKHEXONYROXPH9 LV ORZ
DVVXPLQJWKDWWKHFRQWDFWDQJOHǉLVODUJHUWKDQ7KHUHVXOWZRXOG
EH WKDW DW ORZ FRROLQJ UDWHV $9 LV ORZ ZKLOH DW KLJKHU FRROLQJ UDWHV
ZHUH WKHPROHFXOHVZLOO QRWKDYH WLPH WR UHDUUDQJH$9 LQFUHDVHV ,Q
WKLV ZRUN LW ZDV DVVXPHG WKDW WKH UHDUUDQJHPHQW VWRSV ZKHQ WKH
LQWHUPHWDOOLFSKDVHVKDYHVROLGLILHGZKLFKZDVDVVXPHGWREH&

2EVHUYLQJWKHFPDQGFPFDVWV)LJXUHLWZDVVHHQWKDW
FRPSDUHG WR WKH LQGXVWULDO FDVW XWLOL]LQJ D FRSSHU SODWH ZLWK ZDWHU
'LVWULEXWLRQDQGLGHQWLILFDWLRQRIWKHLQWHUPHWDOOLFSKDVHV


FRROLQJ RQO\ FKDQJHG WKH GLVWULEXWLRQ RI LQWHUPHWDOOLF SKDVHV
VLJQLILFDQWO\ LI WKHKHLJKWRI WKHFDVWZDVUHGXFHG WRFP7KLVFDQ
DOVR EH VHHQ IURP %% $SSHQGL[ % 7KH &2062/ PRGHO
FRPSDUHG FDVWV RI KHLJKW    DQG  FP FDVW LQ DQ LQGXVWULDO
PRXOG ,W ZDV VHHQ WKDW ZLWK LQFUHDVHG WKLFNQHVV WKH WLPH EHIRUH WKH
LQWHUPHWDOOLF SKDVHV DVVXPHG WR EH   KDYH VROLGLILHG ZRXOG
LQFUHDVHIURPPLQXWHVIRUWKHFPFDVWWRDQGPLQXWHV
IRUDDQGFPFDVWUHVSHFWLYHO\)LJXUH7KLVLPSOLHVWKDWDQ
LQFUHDVHG WKLFNQHVVRI WKH FDVW LQFUHDVHG WKH WLPH WKH UHPDLQLQJPHOW
KDGWRUHDUUDQJH


)LJXUH&RPSDULVRQRI6(0PLFURJUDSKVFRSSHUSODWHH[SHULPHQWVFP
  FP DQG   FP $ IDVWHU FRROLQJ FRPELQHG ZLWK D PRUH KRPRJHQHRXV
WHPSHUDWXUHSURILOHIRUWKHFPFDVWUHVXOWHGLQDPRUHKRPRJHQHRXVGLVWULEXWLRQRI
LQWHUPHWDOOLFSKDVHVIRUWKHFPFDVWFRPSDUHGWRWKHDQGFPFDVWV7KHEODFN
VSRWVLQWKHPLFURJUDSKVDUHSRUHVDQGLQWHUPHWDOOLFSKDVHVWKDWZHUHUHPRYHGGXULQJ
VDPSOHSUHSDUDWLRQ

7KH&2062/PRGHOZDVXVHGWRFRPSDUHGLIIHUHQWSRVLWLRQVLQWKH
FP LQGXVWULDO0*6LFDVW)LJXUH ,WZDVREVHUYHG WKDW LQDUHDV
ZKHUH WKHKHDW LQLWLDOO\ZDVUHPRYHG IDVW WKHVXEVHTXHQWFRROLQJZDV
VORZVLQFHKHDWIURPWKHUHVWRIWKHFDVWZDVWUDQVSRUWHGWKURXJKWKHVH
,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV



DUHDV ,Q WKHVH DUHDV WKH LQWHUPHWDOOLF SKDVHV ZHUH URXQGHU GXH WR D
ORQJHU WLPH WR UHDUUDQJH   ,QDUHDVZKHUH WKH LQLWLDO FRROLQJZDVVORZ
DQGWKHVXEVHTXHQWFRROLQJZDVUDSLGWKHLQWHUPHWDOOLFSKDVHVDUHPRUH
HYHQO\GLVWULEXWHGLQWKHJUDLQERXQGDULHVVHH)LJXUH


)LJXUH 0LFURVWUXFWXUH WRS SDUW XSSHUPLFURJUDSK DQG  FP IURP WRS ORZHU
PLFURJUDSKVDPSOH%0*6L,QGXVWULDO
7KH UHVXOWV VXSSRUW WKH REVHUYDWLRQV GRQH E\ 5RQJ  WKH
GLVWULEXWLRQ RI WKH LQWHUPHWDOOLF SKDVHV FDQ EH DOWHUHG EHORZ WKH
'LVWULEXWLRQDQGLG

WHPSHUDWXUHZHUH SULP
0DUJDULD  WK
GHSHQGHQW RQ WKH FRR
GHILQHG

7KH VKDSH ZLOO DOVR G
)LJXUH%DQG)LJXUH
$ UHDFKHG  &
LQWHUPHWDOOLF SKDVHV Z
ZHUH ODUJHUEXW WKHD
EHHQ OLPLWHG E\ WKH
LPSOLHVWKDWWKHVKDSH

)LJXUH  (WFKHG VDP
VDPSOH $ ,W LV VHHQ WKD
ERXQGDULHVDQGQRWLQWKH
VHHQDERYHWKHOD\HU
,Q)LJXUHDVHJP
LVLOOXVWUDWHGWRJHWKHU
WKHILJXUH LW LVVHHQWK
LQ WKH JUDLQ ERXQGDUL
OD\HULVDOVRVHHQDQG
RI LQWHUPHWDOOLFSKDVHV
OD\HU  6(0PLFURJUD
FRPSDUHG WR HWFKHG
JHQHUDOIRXQGLQWKHJU
 ,GHQWLILFDWL
,Q7DEOHDQRYHUYL
LQ WKH H[SHULPHQWV LV
HQWLILFDWLRQRIWKHLQWHUPHWDOOLFSKDV

DU\ VLOLFRQ VROLGLILHV DQG QRW WKH K
H GLVWULEXWLRQ RI WKH LQWHUPHWDOOL
OLQJ UDWH ZKHUH WKH SULPDU\ VLOLFRQ
HSHQG RQ WKH DPRXQW RI DOOR\LQJ
%PLFURJUDSKVIURP$DQG$D
DURXQG  KRXUV ODWHU WKDQ $
HUH QRW IRXQG DV URXQG SDUWLFOHV
UHD WKH\FRXOGGLVWULEXWH WKHPVHOYH
DOUHDG\ VROLGLILHG SULPDU\ VLOLFRQ
ZLWKWKHORZHVW$9UDWLRZDVQRWSR
SOH OHIW DQG 6(0 PLFURJUDSKV ULJKW RI
W WKH LQWHUPHWDOOLFV PDLQO\ DUH IRXQG LQ W
VLOLFRQPDWUL[$QDFFXPXODWLRQRI LQWHUP
HQWRIVDPSOHPP[PPRI$
ZLWK6(0PLFURJUDSKVIURPWKHVDP
DWWKH LQWHUPHWDOOLFSKDVHVJHQHUDOO
HV DQGQRW LQ WKH VLOLFRQPDWUL[ ,Q
DERYHWKHOD\HUWKHUHKDYHEHHQDQ
ZKHUH LWZDVQRWSRVVLEOHWRSDVV
SKV IURP WKH RWKHU H[SHULPHQWV KD
VDPSOHV DQG WKH LQWHUPHWDOOLF SKD
DLQERXQGDULHV
RQRIWKHLQWHUPHWDOOLFSKDVHV
HZRI WKHGLIIHUHQW LQWHUPHWDOOLFSKD
 LOOXVWUDWHG )RU 0*6L DQG 0*
HV
\SRWKHVLV E\
F SKDVHV LV
 JUDLQ VL]H LV
HOHPHQWV ,Q
UHFRPSDUHG
+RZHYHU DOO
 7KH SKDVHV
VPLJKWKDYH
JUDLQV 7KLV
VVLEOH

WKH VDPH DUHD
KH VLOLFRQ JUDLQ
HWDOOLFSKDVHVLV
DIWHUHWFKLQJ
HDUHD)URP
\ZHUH IRXQG
 WKH ILJXUH D
DFFXPXODWLRQ
WKRURXJKWKH
YH DOVR EHHQ
VHV ZHUH LQ

VHVREVHUYHG
6L ,PDJH -
,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV



UZDVXWLOL]HGWRGHWHUPLQHWKHDPRXQWRIHDFKLQWHUPHWDOOLF
SKDVH+RZHYHUWKHFRQWUDVWRIVHYHUDOSKDVHVZDVVLPLODUVRLWZDVQRW
SRVVLEOH WR VHSDUDWH WKHP E\ FRQWUDVW LQ D UHSURGXFLEOH PDQQHU  $
PRUHTXDOLWDWLYHDSSURDFKZDVDSSOLHGZKLFKGHVFULEHGWKHPDMRUDQG
PLQRULQWHUPHWDOOLFSKDVHVEDVHGRQFRXSOHG6(0(30$REVHUYDWLRQV

7DEOH  ,QWHUPHWDOOLF SKDVHV LQ WKH GLIIHUHQW H[SHULPHQWV; [ [ LQGLFDWLQJ D
PDMRU SKDVH D PLQRU SKDVH RU DQ REVHUYHG EXW UDUH SKDVH UHVSHFWLYHO\ 7KH
ODEHOOLQJRIWKHH[SHULPHQWVZDVJLYHQLQ7DEOH
3KDVH ([SHULPHQW
 $ $ 0*
6L




& & &
$O&D)H6L ;  ; 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[ [ [ [
$O&D6L ; ; [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[  [
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[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[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
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6L7L [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$O6L%D [ [      
$OSKDVH [ [      
&H/D1G$O6L  [      

6DPSOHVIURPDOOH[SHULPHQWVZHUHLQYHVWLJDWHGE\HOHFWURQSUREHPLFUR
DQDO\VLV(30$,QWRWDOPRUHWKDQSRLQWDQDO\VLVZHUHSHUIRUPHG
DQG LQ $SSHQGL[ & WKH PHDQ FRPSRVLWLRQ RI WKH PDLQ LQWHUPHWDOOLF
SKDVHVREVHUYHGLQDOOWKHH[SHULPHQWVLVJLYHQ7KHEDVLVIRUWKH(30$
ZDV JLYHQ LQ 6HFWLRQ  DQG VRPH RI WKH XQFHUWDLQWLHV ZLWK WKH
PHWKRGZHUHGLVFXVVHGLQ6HFWLRQ0RVWRIWKHLQWHUPHWDOOLFSKDVHV
REVHUYHG DUH ZHOO GRFXPHQWHG LQ WKH OLWHUDWXUH DQG ZHUH OLVWHG LQ
&KDSWHU  7KLV \LHOGV IRU WKH+7$O)H6L SKDVH WKH WHUQDU\ $O)H6L
SKDVHV$O)H6L$O)H6LWKHFDOFLXPSKDVHV$O&D6LDQG$O&D)H6L
DQGDOVRWKHWLWDQLXPSKDVHV$O)H6L7LDQG6L7L
([DPLQLQJ WKH LQWHUPHWDOOLF SKDVHV LQ $SSHQGL[ & LW ZDV VHHQ WKDW
WKHUH ZDV D YDULDWLRQ IURP H[SHULPHQW WR H[SHULPHQW %HVLGHV
PHDVXUHPHQW XQFHUWDLQW\ WKH UHDVRQ FRXOG EH WKDW VRPH HOHPHQWV
'LVWULEXWLRQDQGLGHQWLILFDWLRQRIWKHLQWHUPHWDOOLFSKDVHV


RFFXSLHG WKH VDPH ODWWLFH SRVLWLRQV 7KLV FRXOG EH WKH FDVH IRU
DOXPLQLXPDQG VLOLFRQDQG WKLV OHG WRGLVVROXWLRQ RI DOXPLQLXP LQDOO
SKDVHV ,W KDV EHHQ QRWHG WKDW WKH $O)H6L SKDVH KDV D ODUJHU
FRPSRVLWLRQDO UDQJH WKDQ WKH $O)H6L SKDVH HJ 'XEURXV DQG
$QJOH]LR   7KLV LV DOVR VHHQ IURP $SSHQGL[ & WKH VWDQGDUG
GHYLDWLRQ ZDV ODUJHU IRU WKH $O)H6L SKDVH WKDQ WKH $O)H6L SKDVH
:KHQ WKH DYHUDJH FRPSRVLWLRQ RI WKH LQWHUPHWDOOLF SKDVHV IURP HDFK
H[SHULPHQWZDVFRPSDUHGLWZDVQRWHGWKDWWKHDOXPLQLXPFRQWHQWLQ
WKH$O)H6LSKDVHIRUDOOR\$ZDVKLJKHUWKDQLQWKHPHWDOOXUJLFDOJUDGH
VLOLFRQ ,Q H[SHULPHQWV $ DQG $ WKH DYHUDJH DPRXQW ZDV  DQG
DWUHVSHFWLYHO\ZKLOHIRU0*6LLQGXVWULDOWKHDYHUDJHDPRXQW
ZDVDW$KLJKHUDPRXQWRIDOXPLQLXPLQDOOR\$ZDVSUREDEO\
WKHUHDVRQIRUWKLV

)LJXUH  WR )LJXUH  SUHVHQW 6(0PLFURJUDSKV RI LQWHUPHWDOOLF
SKDVHVIUHTXHQWO\REVHUYHGLQWKHH[SHULPHQWV


)LJXUH6(0PLFURJUDSKVVDPSOH$

)LJXUH6(0PLFURJUDSKVVDPSOHH[SHULPHQW$
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6L7L
,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV

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
)RU VDPSOH $ WKUHH SKDVHV GRPLQDWHG 7KHVH ZHUH WKH SKDVHV
FRQWDLQLQJ &D $O&D)H6L DQG $O&D6L DQG RQH $O)H6L SKDVH
QDPHO\$O)H6L+RZHYHULQWKHVDPSOHVH[DPLQHGIURPH[SHULPHQW$
 DQG WKH TXDWHUQDU\ SKDVHZDV DEVHQW )LJXUH  LOOXVWUDWHG
ZKHUH WKH VDPSOHV ZHUH H[WUDFWHG 6DPSOH  ZDV QRW DQDO\VHG E\
(30$ EXW REVHUYLQJ WKH FRQWUDVW LQ WKH PLFURJUDSKV RQH SKDVH
DSSHDUHGWREHPLVVLQJKHUHDVZHOO:KHQWKHFRROLQJUDWHZDVUHGXFHG
IRUDOOR\$ H[SHULPHQW$PRUH$O&D6LZDV IRXQG7KLV H[SHULPHQW
LQGLFDWHGWKDWWKHDOOR\ZDVLQDFRPSRVLWLRQDOUDQJHZKHUHWKHWHUQDU\
SKDVH ZDV WKH WKHUPRG\QDPLFDOO\ VWDEOH SKDVH ,Q WKH &\EHUVWDU
IXUQDFH H[SHULPHQW WKH UHGXFHG FRROLQJ UDWH GLG QRW \LHOG WKH VDPH
HIIHFW QR $O&D6L ZDV REVHUYHG ,Q WKLV FRPSRVLWLRQDO UDQJH
$O&D)H6LZDVWKHVWDEOHSKDVHZLWKERWKDKLJKDQGORZFRROLQJUDWH
DVGHVFULEHGE\0DUJDULD

7KHPDLQSKDVHVREVHUYHGIRUWKHPHWDOOXUJLFDOJUDGHVLOLFRQZHUH+7
$O)H6L $O&D)H6L $O)H6L $O)H6L DQG $O)H6L7L $FFRUGLQJ WR
.UHQGHOVEHUJHU  WKH WHUQDU\ SKDVHV SUHVHQW LQ WKH $O)H6L
SKDVHVDUH IRUPHGE\SHULWHFWLFUHDFWLRQV7KLVZDVDOVRPHQWLRQHGE\
0DUJDULDZKRGHVFULEHGWKDWHTXLOLEULXPFDOFXODWLRQVRID0*6L
V\VWHP JLYH WKH VROLGLILFDWLRQ URXWH 6LÆ+7$O)H6L Æ$O)H6L  ,Q
DGGLWLRQ$O)H6L SKDVHZDV REVHUYHG LQ H[SHULPHQWDO VDPSOHVZKLFK
ZDVDWWULEXWHGWRLQFRPSOHWHSHULWHFWLFUHDFWLRQV7KHSKDVHVREVHUYHG
LQ WKH 0*6L V\VWHP DUH LQ DFFRUGDQFH ZLWK )LJXUH  JLYHQ LQ
'XEURXVDQG$QJOH]LR

'LVWULEXWLRQDQGLGHQWLILFDWLRQRIWKHLQWHUPHWDOOLFSKDVHV



)LJXUH6(0PLFURJUDSKVDPSOH%H[SHULPHQW0*6L


)LJXUH6(0PLFURJUDSKVVDPSOHH[SHULPHQW0*6L
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
)LJXUH6(0PLFURJUDSKVVDPSOHH[SHULPHQW0*6L
7KH PDLQ GLVWLQFWLRQ EHWZHHQ WKH SKDVHV REVHUYHG LQ WKH LQGXVWULDO
H[SHULPHQW 0*6L DQG WKH FRSSHU SODWH H[SHULPHQWV ZDV WKH
GHILFLHQF\ RI FDOFLXP SKDVHV $V GHVFULEHG LQ 6HFWLRQ  FDOFLXP
HYDSRUDWHG GXH WR D KLJK YDSRXU SUHVVXUH 7KH DPRXQW RI DOXPLQLXP
ZDV DOVR UHGXFHG DQG WKLV UHGXFHG WKH DPRXQW RI WKH WHUQDU\
DOXPLQLXPSKDVHV)URPWKHFKHPLFDODQDO\VLVLWZDVVHHQWKDWWKH$O
FRQWHQW DQG WKH $O)H UDWLR LQFUHDVHG LQ WKH RUGHU0*6L0*6L
FRSSHU SODWH  0*6L ,QGXVWULDO 0*6L LQGXVWULDO FRQWDLQHG WKH
KLJKHVWDPRXQWRI$O)H6LZKLFKZDVWKHSKDVHULFKHVWLQDOXPLQLXP
ZKLOHFRSSHUSODWH0*6LFRQWDLQHGWKHOHDVW

)RU WKH&\EHUVWDU IXUQDFH H[SHULPHQWV DOO WKH SKDVHV REVHUYHG LQ WKH
SDUHQW PDWHULDO ZHUH REVHUYHG KHUH DV ZHOO H[FHSW IRU WKH WHUQDU\
FDOFLXP SKDVH 7KH VHJUHJDWLRQ IURP ERWWRP WR WRS RI WKH LQJRW ZDV
VLJQLILFDQWDVVHHQIURP)LJXUH7KHERWWRPVDPSOHVH[WUDFWHGDV
LOOXVWUDWHG LQ )LJXUH  FRQWDLQHGQR SDUWLFOHV  7KH$O)H6L SKDVH
ZDVKDUGO\ REVHUYHG LQ WKHPLGGOH VDPSOHV EXW IUHTXHQWO\ LQ WKH WRS
VDPSOHV7KHUHZHUHDOVRPRUHWUDFHHOHPHQWVLQWKHSKDVHVDWWRSWKDQ
LQWKHPLGGOHVDPSOHV
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6(0PLFURJUDSKVVDPSOH7,QJRW0*6L&\EHUVWDUIXUQDFH
H[SHULPHQW
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)LJXUH6(0PLFURJUDSKVVDPSOH00*6L&\EHUVWDUIXUQDFHH[SHULPHQW
7KHW\SHRILQWHUPHWDOOLFWKDWIRUPVPDLQO\GHSHQGHGRQWKHFKHPLVWU\
EXWDVQRWHGDQLQFUHDVHGFRROLQJUDWHFRXOGJLYH LQFRPSOHWHUHDFWLRQV
FDXVLQJWKHLQWHUPHWDOOLFSKDVHVREVHUYHGWRGLIIHUIURPWKHHTXLOLEULXP
SKDVHV:KHQVWDUWLQJDWDORZDOXPLQLXPFRQWHQWRQO\WKH+7$O)H6L
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SKDVHZDVIRUPHG,QFUHDVLQJWKH$O)HUDWLRPRUH$O)H6LLVIRUPHGLQ
DGGLWLRQ WR $O)H6L 7KLV ZDV LQ DFFRUGDQFH ZLWK WKH SKDVH GLDJUDP
JLYHQLQ)LJXUHDQG)LJXUHIRULURQFRQWHQWZWZKLFKLV
DW\SLFDO0*6LOLFRQOHYHO$WDORZ&D$OFRQWHQWRQO\WKH$O&D)H6L
ZDVREVHUYHGEXWZLWKLQFUHDVLQJWKH&D$OUDWLR$O&D6LDOVRIRUPHG

,QWKHVORZO\FRROHGVDPSOHV$DQG&\EHUVWDUDQLQFUHDVHGDPRXQWRI
WLWDQLXPULFKSKDVHVZHUHREVHUYHGVHH$SSHQGL[&7KHVHSKDVHVDOVR
FRQWDLQHGDQ LQFUHDVHGDPRXQW RI WUDFH HOHPHQWV VXFKDV YDQDGLXP
]LUFRQ DQG FKURPLXP  7KLV LQGLFDWHG WKDW WKH GHFUHDVHG FRROLQJ UDWH
OHGWRDEHWWHUSXULILFDWLRQRIWKHVLOLFRQPDWUL[FRQVLVWHQWZLWKHTXDWLRQ


,WZDVREVHUYHGWKDWWKHILQDOGLVWULEXWLRQDQGVKDSHRIWKHLQWHUPHWDOOLF
SKDVHVGHSHQGHGRQWKHWLPHWKHUHPDLQLQJPHOWLQWHUPHWDOOLFSKDVHV
KDGWRUHDUUDQJHVROLGLILFDWLRQ OD\HUVSUHVHQWDYDLODEOHVSDFHEHWZHHQ
WKHVLOLFRQJUDLQVDQGDPRXQWRIDOOR\LQJHOHPHQWV

 'LVWULEXWLRQ RI WUDFH HOHPHQWV LQ WKH
LQWHUPHWDOOLFSKDVHV
7KHPHDQ DWRPLF  RI WKHPDLQ LQWHUPHWDOOLF SKDVHV LV SUHVHQWHG LQ
$SSHQGL[ & ,Q DGGLWLRQ WR WKHPDLQ FRQVWLWXHQWV RI WKH LQWHUPHWDOOLF
SKDVHV$O&D)H6LDQG7LDIHZPLQRUHOHPHQWVZHUHSUHVHQWLQORZ
FRQFHQWUDWLRQV LQ WKHVH SKDVHV $ WUHQG SUHGLFWLQJ WKH LQWHUPHWDOOLF
SKDVHDJLYHQWUDFHHOHPHQWSUHIHUUHGZDVREVHUYHGIURPWKHVHGDWD,Q
$SSHQGL[ & )LJXUH & WR )LJXUH & WKH DPRXQW RI WUDFH HOHPHQW
SSPZLQWKHPDLQLQWHUPHWDOOLFSKDVHVLVSUHVHQWHG$VXPPDU\RIWKH
UHVXOWV IURP $SSHQGL[ & ZLOO EH JLYHQ EHORZ IRU D VHOHFWLRQ RI WUDFH
HOHPHQWV ,Q WKH GLVFXVVLRQ UHJDUGLQJ WUDFH HOHPHQWV WKH WKUHH
LQWHUPHWDOOLFSKDVHVWKDWFRQWDLQHGWKHKLJKHVWDYHUDJHFRQFHQWUDWLRQRI
D JLYHQ WUDFH HOHPHQW DUH WDEXODWHG 6LQFH WKH DYHUDJH GLIIHUV LQ WKH
H[SHULPHQWV WKH H[SHULPHQW ZKHUH WKH LQWHUPHWDOOLF SKDVH FRQWDLQHG
WKHKLJKHVWDYHUDJHYDOXHLVDOVROLVWHG
7KHPLFURSUREHDQDO\VLV(30$RI WKH LQWHUPHWDOOLFSKDVHFRQILUPHG
WKDWPRVW HOHPHQWVKDG D SUHIHUHQFH IRU WKH LQWHUPHWDOOLF SKDVHV DQG
QRW WKH EXON PDWUL[ $V ZLOO EH VHHQ LQ WKH IROORZLQJ PRVW WUDFH
HOHPHQWVZHUHSUHVHQW LQD FRQFHQWUDWLRQ UDQJHRI WLPHV WR VHYHUDO
WLPHVKLJKHULQWKHLQWHUPHWDOOLFSKDVHV

'LVWULEXWLRQRIWUDFHHOHPHQWVLQWKHLQWHUPHWDOOLFSKDVHV


%DVHG RQ D IHZ VLPSOH DVVXPSWLRQV D PDWHULDO EDODQFH ZDV GRQH
SUHGLFWLQJWKHDPRXQWRIHDFKLQWHUPHWDOOLFSKDVHIRUPHGLQWKH0*6L
LQGXVWULDO 7ZR WKLQJV ZHUH NQRZQ IURP WKH (30$ DQDO\VLV RI WKLV
V\VWHP

 $OO WKH FDOFLXP ZHQW LQWR WKH TXDWHUQDU\ $O&D)H6L DVVXPHG
WKDWRQO\DQHJOLJLEOHDPRXQWRI$O&D6LZDVIRUPHG
 $OOWKHWLWDQLXPZHQWLQWRWKH)H6L7LSKDVH

%DVHG RQ 6(0 PLFURJUDSKV LW ZDV DVVXPHG WKDW WKH UHPDLQLQJ
DOXPLQLXPGLYLGHG LWVHOIEHWZHHQWKH WHUQDU\$O)H6LSKDVHV$O)H6L
DQG$O)H6LLQDWRUDWLRGLVUHJDUGLQJWKHIDFWWKDWDOXPLQLXPZDV
DOVRIRXQGLQVPDOOSRUWLRQVLQWKH+7$O)H6LSKDVHDQGWKH)H6L7L
%DVHG RQ WKH DYHUDJH FRPSRVLWLRQ RI 0*6L LQGXVWULDO GUDZQ IURP
VDPSOH*DQG%%$O ZW&D ZW)H ZWDQG
7L ZWDPROHEDODQFHZDVFDOFXODWHGDVSUHVHQWHGLQ7DEOH

7DEOH$PRXQW$O&D)H6LDQG7LPRO IRXQGLQWKH LQWHUPHWDOOLFSKDVHVSHU
J0*6L
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PRO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PRO )HPRO 6LPRO 7LPRO
$O&D)H6L     
$O)H6L     
+7$O)H6L     
$O)H6L7L     
$O)H6L     

7KHDPRXQWRIWKHHOHPHQWLQTXHVWLRQWKDWZHQWLQWRDJLYHQSKDVHZDV
FDOFXODWHG IURPWKH(30$UHVXOWV7KHSDUWLWLRQ LQEHWZHHQ WKH ILYH
PDLQLQWHUPHWDOOLFSKDVHVLQ0*6LLQGXVWULDOZDVSUHVHQWHGLQ)LJXUH
7KHILJXUHZLOOEHGLVFXVVHGLQFRQQHFWLRQZLWKWKHWUDFHHOHPHQWV

,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV




)LJXUH3DUWLWLRQRIWUDFHHOHPHQWVEHWZHHQWKHPDLQLQWHUPHWDOOLFSKDVHV%XON
DQDO\VLV$O ZW&D ZW)H ZWDQG7L ZW
%\ FRPSDULQJ WKH WRWDO DPRXQW RI WUDFH HOHPHQWV FDOFXODWHG IURP WKH
(30$ UHVXOWV ZLWK WKH DPRXQW DWWDLQHG IURP WKH ;5) DQDO\VLV D
SDUWLWLRQ EHWZHHQ WKH VLOLFRQ PDWUL[ DQG WKH LQWHUPHWDOOLF ZDV
FDOFXODWHG)LJXUH

)LJXUHRIWUDFHHOHPHQWVIRXQGLQWKHLQWHUPHWDOOLFSKDVHVFRPSDUHGWREXON
FRPSRVLWLRQ 'XH WR XQFHUWDLQW\ LQ (30$ DQG WKH EXON DQDO\VLV WKH PDVV EDODQFH
JDYHPRUH WKDQ  IRU EDULXP /RVV GXULQJ VDPSOH SUHSDUDWLRQ DQG VROLG VWDWH
GLIIXVLRQFRXOGKDYHEHHQUHDVRQVIRUWRORZYDOXHV
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'LVWULEXWLRQRIWUDFHHOHPHQWVLQWKHLQWHUPHWDOOLFSKDVHV


)URPWKHVHJUHJDWLRQSDWWHUQJLYHQLQ6HFWLRQRQHZRXOGH[SHFWWKDW
PRVW RI WKH HOHPHQWV ZLWK ORZ GLVWULEXWLRQ FRHIILFLHQWV ZRXOG EH
UHPRYHG HIILFLHQWO\ IURP WKHPDWUL[ ,W ZDV VHHQ WKDW RI WKH HOHPHQWV
OLVWHGLQ)LJXUHSKRVSKRUXVGLGQRWVHJUHJDWHWRWKHVDPHH[WHQW
DVWKHPDLQDOOR\LQJHOHPHQWVEXWVWLOOVRPHVHJUHJDWLRQZDVVHHQ7KH
ORZ UHPRYDO RI SKRVSKRUXV FRXOG EH D UHVXOW RI D KLJKHU GLVWULEXWLRQ
FRHIILFLHQWEXWSUREDEO\DOVRDUHVXOWRIORVVGXULQJVDPSOHSUHSDUDWLRQ
7KLVLVH[SODLQHGLQ6HFWLRQ
7UDQVLWLRQHOHPHQWVHVSHFLDOO\WKHGHOHPHQWVDUHNQRZQWRKDYHKLJK
GLIIXVLRQ FRHIILFLHQWV LQ VLOLFRQ &HFFDUROL DQG /RKQH  DQG
LQFUHDVH ZLWK DQ LQFUHDVLQJ DWRPLF QXPEHU  ,Q VLOLFRQ WKH KLJK
GLIIXVLRQVFRHIILFLHQWVRIWKHGHOHPHQWVDUHH[SODLQHGE\DQLQWHUVWLWLDO
GLIIXVLRQ PHFKDQLVP ,Q PRVW PHWDO DOOR\V GLIIXVLRQ RFFXUV E\
LQWHUVWLWLDOGLIIXVLRQDQGGXHWRWKHLUVPDOOVL]HWKHWUDQVLWLRQHOHPHQWV
DUHDEOH WRGLIIXVH UDSLGO\HYHQ LQVROLGVLOLFRQ7KHGLIIXVLRQZLOOEHD
IXQFWLRQRIWHPSHUDWXUHGHFUHDVLQJZLWKGHFUHDVLQJWHPSHUDWXUH6ROLG
VWDWHGLIIXVLRQFRXOGH[SODLQZK\WKHPDVVEDODQFHGLGQRWDGGXSIRU
WKHWUDQVLWLRQHOHPHQWV,QRUGHUWRFRQILUPLIFRSSHURURWKHUHOHPHQWV
ZHUH IRXQG LQ WKH PDWUL[ RU JUDLQ ERXQGDULHV PRUH LQYHVWLJDWLRQV
VKRXOGEHGRQH$QDOWHUQDWLYHZRXOGEHWRLQYHVWLJDWHLIVHFRQGDU\LRQ
PDVV VSHFWURPHWU\ 6,06 LV DSSOLFDEOH 7KH EDVLV IRU WKH PHWKRG LV
RXWOLQHG RQ WKH ZHEVLWH RI ($* 6HFRQGDU\ ,RQ 0DVV 6SHFWURPHWU\
6,06 $QRWKHUDOWHUQDWLYHFRXOGEHDFRQFHQWUDWLRQSURILOHZLWK
WKH(30$

6HYHUDODQDO\VHVZHUHSHUIRUPHGE\(30$RIWKHVLOLFRQPDWUL[6HYHUDO
WUDQVLWLRQ HOHPHQWV ZHUH REVHUYHG VXFK DV &X )H 0Q DQG 9 LQ
DGGLWLRQWR3DQG$O/DUJHHOHPHQWVOLNHZROIUDPEDULXPOHDGZHUHQRW
IRXQGLQWKHVLOLFRQPDWUL[7KHKLJKHVWFRQFHQWUDWLRQZDVVHHQIRULURQ
,W ZDV QRWHG WKDW WKH FRQFHQWUDWLRQ LQ WKH PDWUL[ ZDV OHVV IRU WKH
&\EHUVWDU IXUQDFH H[SHULPHQWV LQGLFDWLQJ D EHWWHU VHJUHJDWLRQ LQ WKLV
H[SHULPHQW ZKLOH IRU WKH FRSSHU SODWH H[SHULPHQWV WKH DYHUDJH LURQ
FRQWHQW LQ WKH SRVLWLRQV DQDO\VHG ZDV  SSPZ  7KLV ZDV LQ
DJUHHPHQW ZLWK (TXDWLRQ   7KDW VWDWHV WKDW ZLWK DQ LQFUHDVLQJ
JURZWK UDWH WKH LQFRUSRUDWLRQ RI RWKHUPROHFXOHV LQWR WKHPDWUL[ ZLOO
LQFUHDVH7KLV LQGLFDWHG WKDW ´WKH WUDGHRIIµ WRREWDLQD VPDOOHU VLOLFRQ
JUDLQ VL]H ZDV DQ LQFUHDVHG FRQWHQW RI WUDFH HOHPHQWV LQ WKH VLOLFRQ
PDWUL[)LJXUHUHYHDOHGWKDWWKHXQFHUWDLQW\LQWKH(30$DQDO\VLV
WKH;5)DQDO\VLVDQGWKHFRDUVHDVVXPSWLRQVLQWKHPRGHOJDYHUHVXOWV
RYHU IRUEDULXP7KHEDULXPFRQWHQW LQ WKH0*6L LQGXVWULDO
,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV



VDPSOHVZDVEHORZWKHGHWHFWLRQOLPLWRIWKH;5)LQVWUXPHQWDQGWKLVRI
FRXUVHDIIHFWVWKHXQFHUWDLQW\RIWKHDYHUDJHEXONDQDO\VLVREWDLQHG,ID
ORZHU DYHUDJH EXON DQDO\VLV WKDQ WKH DFWXDO YDOXH ZDV XVHG LQ WKH
FDOFXODWLRQ WKLVH[SODLQVZK\ WKHFDOFXODWLRQSUHGLFWVPRUHEDULXPWR
EH SUHVHQW LQ WKH LQWHUPHWDOOLF SKDVHV WKDQ ZKDW ZDV DYDLODEOH 7KH
XQFHUWDLQW\LQWKH;5)DQDO\VLV(30$DQDO\VLVDQGORVVGXULQJVDPSOH
SUHSDUDWLRQPHDQV WKDW LW ZDV QRW SRVVLEOH WR SLQSRLQW WKH SDUWLWLRQ
EXW EDVHG RQ WKH IDFW WKDW LW UHODWHGZHOO WR VHJUHJDWLRQ DQGGLIIXVLRQ
FRHIILFLHQWVLVDJRRGLOOXVWUDWLRQRIWKHWUHQG

7KHDVVXPSWLRQVXVHGLQWKHPDVVEDODQFHFDQQRWEHXVHGDVJHQHUDO
DVVXPSWLRQVIRUDOO0*6LV\VWHPV:KHQXVLQJWKHVDPHDVVXPSWLRQV
IRU VDPSOH+0*6LZKLFKZDV WDNHQ IURP DQRWKHU FDVWZKHUH WKH
FDOFLXP FRQWHQW ZDV KLJKHU WKH PDWHULDO EDODQFH IDLOV :KHQ DOO WKH
FDOFLXPZDVSXWLQWRWKHTXDWHUQDU\SKDVHLQWKLVV\VWHPWKHUHZDVQR
DOXPLQLXPOHIWIRURWKHUSKDVHV)URPWKH(30$DQDO\VLVRIVDPSOH+
$O)H6L $O)H6L DQG +7$O)H6L ZHUH REVHUYHG LQ DGGLWLRQ WR WKH
$O&D6L SKDVH 7KLV ZDV FRQVLVWHQW ZLWK )LJXUH  FROOHFWHG IURP
'XEURXV DQG $QJOH]LR  VWDUWLQJ IURP WKH VHW SRLQW RI VDPSOH
%*0*6L RI $O    ZW DQG &D    ZW LQFUHDVLQJ WKH
&D$O UDWLR OHDGV WR WKH IRUPDWLRQ LI $O&D6L LQ DGGLWLRQ WR WKH
TXDWHUQDU\SKDVH
 9DQDGLXP
)URP WKH FKHPLFDO DQDO\VLV RI 0*6L DQG 0*6L LW ZDV VHHQ WKDW
YDQDGLXPZDVSUHVHQWLQDURXQG²SSPZLQWKHEXONPDWHULDO2I
DOO WKHSKDVHVH[DPLQHG WKHKLJKHVWDPRXQWRIYDQDGLXPZDVDOZD\V
IRXQG LQ FRUUHODWLRQ ZLWK D KLJK OHYHO RI WLWDQLXP 7KLV LV VHHQ IURP
)LJXUH & WR & $SSHQGL[ &  7KH WRS WKUHH YDQDGLXP FRQWDLQLQJ
SKDVHV IRXQG DUH JLYHQ 7DEOH  )RU WKH FRSSHU SODWH H[SHULPHQWV
0*6L LQGXVWULDO DQG 0*6L EHIRUH UHPHOWLQJ WKH RQO\ WLWDQLXP
SKDVH REVHUYHG ZDV $O)H6L7L 7KH DPRXQW RI 9 LQ WKLV SKDVH ZDV
VHYHUDO KXQGUHG SHU FHQW ODUJHU WKDQ IRU WKH EXON PDWHULDO 7KH
SUHIHUHQFH IRU WKH WLWDQLXP SKDVHV ZHUH DOVR VHHQ IURP WKH PDWHULDO
EDODQFHVSUHVHQWHGLQ)LJXUH

7DEOH7KHWRSWKUHHLQWHUPHWDOOLFSKDVHVFRQWDLQLQJYDQDGLXP
3KDVH $O)H6L7L! $O=U6L7L! $O)H6L7L!
0D[LPXP
H[SHULPHQW
SSPZ
ZW
&\E0*6L
SSPZ
ZW
$OOR\$
SSPZ
ZW
&RS0*6L
'LVWULEXWLRQRIWUDFHHOHPHQWVLQWKHLQWHUPHWDOOLFSKDVHV


7KHHIIHFWLYHGLVWULEXWLRQFRHIILFLHQWRIYDQDGLXPLV7DEOH
ZKLFK PHDQV WKDW YDQDGLXP ZDV H[SHFWHG WR EH IRXQG LQ WKH
LQWHUPHWDOOLF SKDVHV 9DQDGLXP DQG WLWDQLXP DUH QHLJKERXUV LQ WKH
SHULRGLF WDEOHDQG WKHLU VLPLODU VL]HDOORZVYDQDGLXP WR VXEVWLWXWH IRU
WLWDQLXP LQ WKHVWUXFWXUH&DOOLVWHU DQG5HWKZLVFK  OLVW WKDWD
VROXWH LV DOORZHG WR VXEVWLWXWH DQRWKHU DWRP LI WKH GLIIHUHQFH LQ WKHLU
DWRPLF UDGLL LV OHVV WKDQ DERXW +LJK YDQDGLXP FRQWHQW LQ WKH
WLWDQLXPULFKSKDVHVKDYHEHHQGHVFULEHGE\DXWKRUVVXFKDV0DUJDULD
HWDO9DQDGLXPFKURPLXP]LUFRQLXPZROIUDPDOOIRUPVWDEOH
VLOLFLGHVDQGZKHQWKH6L7LSKDVHZDVIRXQGLWZDVRIWHQDFFRPSDQLHG
E\WKHSUHVHQFHRIWKHVHHOHPHQWV
 3KRVSKRUXV
'XHWRLWVLPSRUWDQFHLQVRODUFHOOVVHYHUDOVWXGLHVKDYHEHHQSHUIRUPHG
ZLWKWKHIRFXVRQUHPRYDORISKRVSKRUXVIURPVLOLFRQ

7KH SKRVSKRUXV FRQWHQW ZDV IRXQG WR EH PD[LPXP LQ WKH WHUQDU\
FDOFLXPSKDVH$O&D6L)RUVDPSOH$WKHDYHUDJHFRQWHQWZDV
ZWVHH7DEOH,Q0*6LWKHKLJKHVWFRQWHQWZDVDOVRREVHUYHG
LQ WKLVSKDVH EXW VLQFH WKLVSKDVHZDVKDUGO\ HYHU REVHUYHG LQ WRWDO
RQO\DQHJOLJLEOHTXDQWLW\RI WKHWRWDOSKRVSKRUXVZLOOEH IRXQGLQWKLV
SKDVH

7DEOH7KHWRSWKUHHLQWHUPHWDOOLFSKDVHVFRQWDLQLQJSKRVSKRUXV
3KDVH $O&D6L! $O&D6L! $O&D)H6L!
0D[LPXP
SSPZ
H[SHULPHQW
SSPZ
0*6L
,QGXVWULDO
SSPZ
$
SSPZ
&\E0*6L
2QO\RQHREVHUYDWLRQ

/XGZLJ HW DO  GHVFULEHG DQ HQULFKPHQW RI SKRVSKRUXV LQ WKH
$O&D6LSKDVHZKHQVWXG\LQJDQ$OZW6LDOOR\$FFRUGLQJWR/XL
HW DO  SKRVSKRUXV IRUPV VWDEOH FRPSRXQGV ZLWK FDOFLXP DQG
VLOLFRQEXWZDVGLIILFXOWWRJLYHDQH[DFWTXDQWLWDWLYHDQDO\VLVGXHWRWKH
UHDFWLRQ

        [ \ ] [ \ ]&D 6L 3 + 2 &D 6L 3 + 3 &D 2+  o  n 
7KH UHDFWLRQ FDQ UHVXOW LQ ORVV RI SKRVSKRUXV GXULQJ WKH VDPSOH
SUHSDUDWLRQ IRU(30$ 7KLVPHDQV WKDW WKH DPRXQW RI SKRVSKRUXV LQ
WKH LQWHUPHWDOOLF SKDVH ZDV SUREDEO\ KLJKHU WKDQ PHDVXUHG E\ WKH
(30$
,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV



6KLPSRHWDOUHSRUWHGWKDWDOOR\LQJRIFDOFLXPDQGVXEVHTXHQW
OHDFKLQJ LQFUHDVHG WKH UHPRYDO RI SKRVSKRUXV IURP VLOLFRQ ,Q WRWDO
  RI WKH SKRVSKRUXV ZDV UHPRYHG ZLWK DQ DGGLWLRQ RI  DW 
FDOFLXP 7KH PDLQ FDOFLXP SKDVH ZDV &D6L DQG SKRVSKRUXV ZDV
WKRXJKW WREH IRXQGDV&D3SUHFLSLWDWHV LQFRUUHODWLRQZLWK WKH&D6L
SKDVH $OOR\LQJ RI PHWDOOXUJLFDO JUDGH VLOLFRQ ZDV DOVR SHUIRUPHG E\
0HWHOHYD)LVFKHU HW DO  7KH\ IRXQG DQ LQFUHDVHG OHYHO RI
SKRVSKRUXVLQWKH)H6L7LSKDVHDIWHUDOOR\LQJXSWRZW1R
SKRVSKRUXV ZDV GHWHFWHG LQ WKLV SKDVH LQ WKH VRXUFH 0*6L EHIRUH
DOOR\LQJ7KHDPRXQWRI3LQWKH&D6LSKDVHGLGQRWLQFUHDVHDQGWKH\
VXJJHVWHG WKDW &D6L KDG DQ LQWHUPHGLDWH UROH LQ WKH UHPRYDO RI
SKRVSKRUXV IURP 0*6L  ,Q WKLV ZRUN WKH DYHUDJH FRQWHQW RI
SKRVSKRUXV ZDV TXLWH VLPLODU LQ WKH WLWDQLXP DQG WKH TXDWHUQDU\
FDOFLXPSKDVHIRUWKH0*6LLQGXVWULDOFDVHUDQJLQJIURPWR
SSPD  %DVHG RQ WKH PDVV EDODQFH PRUH $O&D)H6L ZDV IRUPHG
FRPSDUHG WR WKH WLWDQLXP SKDVH DV VHHQ LQ )LJXUH  7KLVPHDQV
WKDWLQWRWDOPRUHSKRVSKRUXVZLOOEHIRXQGLQWKLVFDOFLXPSKDVHWKDQ
LQWKHWLWDQLXPSKDVH)RUWKHFRSSHUSODWHDQGWKH&\EHUVWDUIXUQDFH
H[SHULPHQWV LWZDVFOHDU IURP WKH FKHPLFDO DQDO\VLV WKDW FDOFLXPKDG
HYDSRUDWHGSULRUWRDQGGXULQJFDVWLQJZKLFKOHGWROHVV$O&D)H6LLQ
WKH FDVWV 7KH VWDWHPHQW DERYHZDV WKHUHIRUHQRW YDOLGKHUH ,W VHHPV
WKDW LI QR DGGLWLRQDO DOOR\LQJ HOHPHQWV ZHUH DGGHG LW ZDV GLIILFXOW WR
DFFXPXODWHSKRVSKRUXVWRDJUHDWH[WHQWLQWKHLQWHUPHWDOOLFSKDVHV
 &KURPLXP
$V PXFK DV  ZW  &U ZDV REVHUYHG IRU WKH WLWDQLXP ULFK SKDVH
$O)H6L7L IRXQG LQ&\EHUVWDU0*6L DQG0*6L VDPSOHV  )RU WKH
PHWDOOXUJLFDOW\SHVLOLFRQXVHGWKHPDLQWLWDQLXPSKDVHZDV$O)H6L7L
DQGDQDYHUDJHRIZW&UZDVREVHUYHG LQ WKLVSKDVH LQ0*6L
FRSSHU SODWH H[SHULPHQWV 7KH WHUQDU\ DOXPLQLXPSKDVH $O)H6L DOVR
FRQWDLQHGXSWRZW&U,QJHQHUDODOOLQWHUPHWDOOLFSKDVHVLQWKH
PHWDOOXUJLFDOJUDGHVLOLFRQXVHGFRQWDLQHGWR;PRUH&UWKDQ
WKH EXON )RU DOOR\ $ WKH EXON FRQFHQWUDWLRQZDV QRW NQRZQ DQG WKH
DPRXQW RI &U ZDV ORZHU LQ WKH LQWHUPHWDOOLF SKDVHV 7KLV FRXOG KDYH
EHHQGXHWRWKHIRUPDWLRQRIVRPHFKURPLXPULFKSKDVHVZKLFKZRXOG
KDYHUHGXFHGWKHDPRXQWDYDLODEOHIRUWKHRWKHUSKDVHV
7DEOH7KHWRSWKUHHLQWHUPHWDOOLFSKDVHVFRQWDLQLQJFKURPLXP
3KDVH $O)H6L7L! $O)H6L7L! $O)H6L
0D[LPXP
H[SHULPHQW
SSPZ
&\E0*6L
SSPZ
&RS0*6L
SSPZ
&RS0*6L

'LVWULEXWLRQRIWUDFHHOHPHQWVLQWKHLQWHUPHWDOOLFSKDVHV


 0DQJDQHVH
7DEOH7KHWRSWKUHHLQWHUPHWDOOLFSKDVHVFRQWDLQLQJPDQJDQHVH
3KDVH $O)H6L! $O)H6L7L! $O)H6L
0D[LPXP
H[SHULPHQW
SSPZ
&\E0*²6L
SSPZ
&\E0*6L
SSPZ
&RS0*6L

([FHSW IRU WKH LQGXVWULDO 0*6L H[SHULPHQW WKH KLJKHVW FRQWHQW RI
PDQJDQHVHZDV DOZD\V IRXQG LQ FRQQHFWLRQZLWK WKH WHUQDU\ $O)H6L
SKDVH 7KH EXON PDWHULDO 0*6L FRQWDLQHG DURXQG  SSPZ 0Q
ZKLFKPDGHLWWKHPDLQWUDFHHOHPHQW0DQJDQHVHHDVLO\VXEVWLWXWHVIRU
LURQDQGWKLV OHG WR LWVSUHVHQFH LQDOO LURQULFKSKDVHV ,QWKHSKDVHV
WKDWFRQWDLQHGRQO\PLQRUDPRXQWVRILURQVXFKDV$O&D6L$O6L$O6L
&H/D1GDQG$O%D6LPDQJDQHVHZDVKDUGO\SUHVHQWVHH$SSHQGL[
&  ,Q WRWDOEDVHGRQ WKHPDWHULDOEDODQFHRXWOLQHG IRU0*6LDOPRVW
HTXDODPRXQWVRIPDQJDQHVHZHQW LQWR WKHTXDWHUQDU\FDOFLXPSKDVH
DQG WKH +7$O)H6L SKDVH ZKLOH GXH WR D ORZHU IUHTXHQF\ RI WKH
$O)H6LSKDVHLQWRWDOOHVVPDQJDQHVHZDVIRXQGKHUH
 =LUFRQLXP
7DEOH7KHWRSWKUHHLQWHUPHWDOOLFSKDVHVFRQWDLQLQJ]LUFRQLXP
3KDVH $O=U6L7L! $O)H6L7L! $O)H6L7L
0D[LPXP
H[SHULPHQW
SSPZ
$OOR\$
SSPZ
&\E0*6L
SSPZ
$$

$V IRUYDQDGLXPWKHPD[LPXPFRQWHQWRI]LUFRQLXPZDV IRXQG LQ WKH
WLWDQLXPULFKSKDVHV%RWK6L7LDQG6L=UDUHVWDEOHVLOLFLGHVZLWKDQ
RUWKRUKRPELF FU\VWDO VWUXFWXUH 0DH[ DQG YDQ 5RVVXP  7KLV
FRXOG H[SODLQ WKH HDVH RI VXEVWLWXWLRQ EHWZHHQ 7L DQG =U LQ WKH
VWUXFWXUH 7KHUH ZDV DOPRVW QR ]LUFRQLXP UHODWHG WR WKH SKDVHV WKDW
RQO\FRQWDLQHG$O)HDQG6LVHH$SSHQGL[&=ULVFORVHWRWLWDQLXPLQ
WKH SHULRGLF WDEOH DQG EDVHG RQ DWRPLF VL]H FRQVLGHUDWLRQV LW FRXOG
VXEVWLWXWHIRUWLWDQLXP
 1LFNHO
7KHPD[LPXPFRQWHQWRIQLFNHODOWHUQDWHGLQWKHH[SHULPHQWVEHWZHHQ
WKH TXDWHUQDU\ FDOFLXP SKDVH $O&D)H6L DQG WKH WZR WHUQDU\
DOXPLQLXP SKDVHV $O)H6L DQG $O)H6L  )URP WKH PDVV EDODQFH
EHWZHHQQLFNHOZDV UHPRYHG IURP WKHPDWUL[ EXW DV VWDWHG
HDUOLHU WKH PDVV EDODQFH RQO\ JDYH D WUHQG &RQVLGHULQJ WKH ORZ
GLVWULEXWLRQFRHIILFLHQWRIQLFNHO 7DEOH RQHVKRXOGH[SHFWPRVWRI
WKHQLFNHOWREHIRXQGLQWKHLQWHUPHWDOOLFSKDVHV1LFNHOLVRQHRIWKH
GWUDQVLWLRQHOHPHQWVZLWKWKHKLJKGLIIXVLRQFRHIILFLHQWLQVROLGVLOLFRQ
,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV



&HFFDUROL DQG /RKQH  DQG LW ZDV VXVSHFWHG WKDW VRPH QLFNHO
GLIIXVHGLQWRWKHVLOLFRQPDWUL[RUJUDLQERXQGDULHV

7DEOH7KHWRSWKUHHLQWHUPHWDOOLFSKDVHVFRQWDLQLQJQLFNHO
3KDVH $O&D)H6L! $O)H6L! $O)H6L
0D[LPXP
H[SHULPHQW
SSPZ
&RS0*6L
SSPZ
&RS0*6L
SSPZ
&RS0*6L

5RQJGHVFULEHGWKDWDQLQFUHDVHLQQLFNHOFRQWHQWFDQEHVHHQLQ
FRUUHODWLRQ ZLWK DQ LQFUHDVH LQ WKH YDQDGLXP FRQWHQW 7KLV ZDV QRW
REVHUYHGLQWKLVZRUN
 %DULXP
:KDWVHHPHGWREHDGLVWLQFWEDULXPSKDVHZDVIRUPHGLQWKHFDVHRI
DOOR\$$WKHRUHWLFDOYDOXHRIWKHGLVWULEXWLRQFRHIILFLHQWRIEDULXPZDV
QRW IRXQG EXW EDULXP LV D ODUJH HOHPHQW DQG LW ZLOO KDYH SUREOHPV
GLVVROYLQJ LQ WKH RWKHU LQWHUPHWDOOLF SKDVHV LQ KLJK FRQFHQWUDWLRQV DV
ZHOODVLQVLOLFRQ,IWKHVROXELOLW\OLPLW LQWKHLQWHUPHWDOOLFSKDVHVZDV
UHDFKHG D QHZ EDULXP SKDVH ZRXOG EH IRUPHG ,Q WKH PHWDOOXUJLFDO
JUDGHVLOLFRQWKLV$O%D6LSKDVHZDVQRWREVHUYHG+DUGO\DQ\EDULXP
ZDVIRXQGLQFRUUHODWLRQZLWKRWKHUSKDVHVWKDQWLWDQLXPULFKSKDVHV
7KHH[FHSWLRQVZHUHWKH$O&D6LDQGWKH$O)H6LSKDVHVLQDOOR\$DV
VHHQIURP$SSHQGL[&7KLVZDVDWWULEXWHGWRKLJKHUEDULXPFRQWHQWLQ
DOOR\$FRPSDUHGWR0*6LDOWKRXJKWKLVZDVMXVWDQDVVXPSWLRQWKDW
KDVQRWEHHQFRQILUPHGE\FKHPLFDODQDO\VLV

7DEOH7KHWRSWKUHHLQWHUPHWDOOLFSKDVHVFRQWDLQLQJEDULXP
3KDVH $O%D6L! $O)H6L7L! $O=U6L7L
0D[LPXP
H[SHULPHQW
ZW
$OOR\$
SSPZ
$OOR\$
SSPZ
$OOR\$

7KHIDFWWKDWEDULXPZDVDEOHWRGLVVROYHWRVRPHH[WHQWLQWKHWLWDQLXP
ULFKSKDVHVLPSOLHVWKDWWKHFU\VWDOVWUXFWXUHRIWKHVHSKDVHVZHUHPRUH
VSDFLRXVDQGWKDW LWZRXOGEHHDVLHUKHUH WRHLWKHU ILOOYDFDQWVLWHVRU
VXEVWLWXWHIRUWLWDQLXPLQWKHODWWLFH
 &RSSHU
)RUWKHPHWDOOXUJLFDOJUDGHVLOLFRQLQYHVWLJDWHGWKHPD[LPXPDPRXQWRI
FRSSHUZDVDOZD\VIRXQGLQWKHWHUQDU\$O)H6LSKDVHZKLFKZDVWKH
SKDVHULFKHVWLQDOXPLQLXPLQWKHV\VWHP,QDOOR\$FRSSHUZDVDOVR
IRXQG LQ WKHSKDVHZLWKWKHKLJKHVWDOXPLQLXPFRQWHQWEXWKHUH WKLV
ZDVD$O6LSKDVHQRWWKH$O)H6L7KHFRSSHUFRQWHQWLQWKH$O)H6L
'LVWULEXWLRQRIWUDFHHOHPHQWVLQWKHLQWHUPHWDOOLFSKDVHV


ZDVWR[ORZHULQDOOR\$FRPSDUHGWR0*6L$QH[SODQDWLRQWR
WKHUHGXFHGOHYHO LQWKH$O)H6LSKDVHFRXOGEHWKH LQFUHDVHGDPRXQW
RIDOXPLQLXPLQDOOR\$ZKLOH WKHDPRXQWRIFRSSHUGLGQRW LQFUHDVH
0RUH DOXPLQLXP FRQWDLQLQJ LQWHUPHWDOOLF SKDVHV ZHUH IRUPHG DQG
FRSSHU GLYLGHG LWVHOI DPRQJ PRUH SKDVHV ZKLFK ZRXOG UHGXFH WKH
DYHUDJHFRQFHQWUDWLRQLQDJLYHQSKDVH

7DEOH7KHWRSWKUHHLQWHUPHWDOOLFSKDVHVFRQWDLQLQJFRSSHU
3KDVH $O6L! $O)H6L! $O&D)H6L
0D[LPXP
H[SHULPHQW
SSPZ
$OOR\$
SSPZ
&\E0*6L
SSPZ
&\E0*6L

$FFRUGLQJWRWKHPDVVEDODQFHRIWKHFRSSHUSUHVHQWLQWKHEXON
PDWHULDO ZDV UHPRYHG IURP WKHPDWUL[ $V H[SODLQHG LW ZDV H[SHFWHG
IURPWKHVHJUHJDWLRQSDWWHUQLQ6HFWLRQWKDW&XVKRXOGEHIRXQGLQ
FRUUHODWLRQ ZLWK WKH LQWHUPHWDOOLF SKDVHV  %XW DV IRU QLFNHO D KLJK
GLIIXVLRQ FRHIILFLHQW FRXOG KDYH OHG WR PRUH FRSSHU LQ WKH JUDLQ
ERXQGDULHV RU LQ WKH VLOLFRQPDWUL[&RSSHUZDV REVHUYHG IURP(30$
DQDO\VLV RI WKH VLOLFRQ PDWUL[ 6LOLFRQ JUDLQ ERXQGDULHV ZHUH QRW
H[DPLQHG
 /HDG
/HDG GLG QRW VHHP WR KDYH DQ DIILQLW\ IRU D SDUWLFXODU SKDVH 7KH
PD[LPXP FRQWHQW XVXDOO\ DURXQG  SSPZZDV IRXQG LQ GLIIHUHQW
SKDVHVLQDOPRVWDOOWKHH[SHULPHQWV3EZDVEHORZWKHORZHUGHWHFWLRQ
OLPLWRI WKH;5) LQVWUXPHQW7DEOH7KHDYHUDJH3EFRQWHQWZDV
SSPZIRUPRVWVDPSOHVDQGQDWXUDOO\3EZDVQRWIRXQGLQKLJKFRQWHQW
LQWKHLQWHUPHWDOOLFSKDVHVHLWKHU
=LQF
/LNHOHDG]LQFGRHVQRWVHHPWRKDYHDQDIILQLW\IRUDSDUWLFXODUSKDVH
DQGZDVQRWSUHVHQWLQDKLJKFRQFHQWUDWLRQLQWKHEXONPDWHULDO7KH
PD[LPXPFRQFHQWUDWLRQZDV IRXQG WRJHWKHUZLWK WKH $O=U6L7L  DQG
$O)H6L LQ WKH &\EHUVWDU IXUQDFH H[SHULPHQW DQG LQ WKH $O ²%D6L
SKDVHLQDOOR\$

7DEOH7KHWRSWKUHHLQWHUPHWDOOLFSKDVHVFRQWDLQLQJ]LQF
3KDVH $O)H6L7L! $O)H6L! $O%D6L!
0D[LPXP
H[SHULPHQW
SSPZ
&\E0*6L
SSPZ
&RS0*6L
SSPZ
$OOR\$

,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV



0DJQHVLXP
,QWKHILUVW(30$UXQVWKDWZHUHSHUIRUPHGPDJQHVLXPZDVQRWRQHRI
WKHHOHPHQWVWKDWZHUHVHDUFKHGIRU2QO\WKHDQDO\VLVLQWKH&\EHUVWDU
IXUQDFH H[SHULPHQWV $ DQG $ FRQWDLQHG LQIRUPDWLRQ DERXW WKLV
HOHPHQW

7DEOH7KHWRSWKUHHLQWHUPHWDOOLFSKDVHVFRQWDLQLQJPDJQHVLXP
3KDVH $O)H6L7L! $O6L! $O&D)H6L
0D[LPXP
H[SHULPHQW
SSPZ
&\E0*6L
SSPZ
$OOR\$
SSPZ
$OOR\$

:ROIUDP
:ROIUDP ZDV DVVXPHG WR EH SUHVHQW GXH WR FRQWDPLQDWLRQ IURP WKH
ZROIUDPUKHQLXPWKHUPRFRXSOHV:ROIUDPKDVDYHU\VPDOOGLVWULEXWLRQ
FRHIILFLHQW  7DEOH  ZKLFK PHDQV LW ZRXOG HIIHFWLYHO\
VHJUHJDWHIURPWKHVLOLFRQPDWUL[7KLVZDVFRQILUPHGIURPWKHDQDO\VLV
RIWKHPDWUL[QRZROIUDPZDVIRXQG7KHPD[LPXPFRQWHQWZDVIRXQG
LQ$O)H6L7LVDPSOH0*6LIURPWKH&\EHUVWDUIXUQDFHH[SHULPHQW
&HULXPODQWKDQXPDQGQHRG\PLXP
)RUDOOR\$RQHSKDVH WKDWZDVREVHUYHGRQO\ WKUHH WLPHVFRQWDLQHG
FRQVLGHUDEOH DPRXQWV RI FHULXP ODQWKDQXPDQGQHRG\PLXP ,Q WRWDO
WKHFRQWHQWZDVZW7KHVHHOHPHQWVZHUHQRWGHWHFWHGLQWKHRWKHU
LQWHUPHWDOOLFSKDVHVRIDOOR\$0HWHOHYD)LVFKHUHWDODOOR\HG
0*6L ZLWK ODQWKDQXP DQG QHRG\PLXP DQG REVHUYHG DQ LQFUHDVHG
DPRXQW RI SKRVSKRUXV LQ WKHVH SKDVHV 7KH VDPH REVHUYDWLRQ ZDV
PDGHLQSKDVHVFRQWDLQLQJ/D&HDQG1GLQWKH0*6LEHIRUHDOOR\LQJ
0HWHOHYD)LVFKHUHWDO7KLVZDVQRWVHHQLQWKHFDVHRIDOOR\
$
 3RURVLW\
$OO WKH H[DPLQHG VDPSOHV H[FHSW WKH&\EHUVWDU VDPSOHV FRQWDLQHG D
YDU\LQJ GHJUHH RI SRURVLW\ ,Q D SXEOLFDWLRQ E\$QJOH]LR HW DO 
SRURVLW\ZDV H[SODLQHG E\ JDV EXEEOHV WUDSSHG GXULQJ UHILQLQJ:KHQ
VLOLFRQZDVFDVWRQ WKHFRSSHUSODWHQR UHILQLQJZDVGRQHSULRU WR WKH
FDVWLQJ EXW SRURVLW\ ZDV VWLOO SUHVHQW LQ WKH FDVW 7KH VLOLFRQ ZDV
KRZHYHUPHOWHGSULRUWRVROLGLILFDWLRQLQDIXUQDFHIOXVKHGZLWKDUJRQ

7KHSRUHVLQVDPSOHVH[WUDFWHGIURPH[SHULPHQW$ZHUHODUJHUWKDQWKH
SRUHV VHHQ IRU WKHPHWDOOXUJLFDO JUDGH VLOLFRQ $ SRVVLEOH H[SODQDWLRQ
&DUELGHV


ZDVWKHHDVHRIQXFOHDWLRQGXHWR WKH LQFUHDVHGDPRXQWRI LQFOXVLRQV
VXFK DV FDUELGHV LQ DOOR\ $  ,Q VRPH FDVHV LW ZDV REVHUYHG WKDW WKH
SRUHV DUH IRXQG LQ FRPELQDWLRQZLWK DQ DFFXPXODWLRQ RI LQWHUPHWDOOLF
SKDVHV

)LJXUH+RUL]RQWDOFURVVVHFWLRQVDPSOH*LOOXVWUDWLQJSRURVLW\LQWKHVDPSOH
$FURVVVHFWLRQRIDVDPSOHH[WUDFWHGIURPDSRURXVOD\HURIVDPSOH*LV
SUHVHQWHGLQ)LJXUH3RURXVOD\HUVZHUHIRXQGLQUHJLRQVZKHUHWZR
VROLGLILFDWLRQ IURQWVPHWRUFORVH WRDVROLGLILFDWLRQ OD\HUZKHUH WKHJDV
FRXOGQRWSHQHWUDWH

7KH HIIHFW WKH SRUHV ZLOO KDYH LQ IXUWKHU SURFHVVLQJ VWHSV VXFK DV
OHDFKLQJRUWKHGLUHFWV\QWKHVLVKDYHQRWEHHQVWXGLHGEXWDWOHDVWIRU
WKHGLUHFWV\QWKHVLVZKLFKLVDVXUIDFHUHDFWLRQDSRURXVPDWHULDOFRXOG
EHKDYHGLIIHUHQWO\ LQ WKHSURFHVV ,QD OHDFKLQJSURFHVV LW LVDVVXPHG
WKDW WKH DFLG ZRXOG KDYH D GLIIHUHQW FRQWDFW ZLWK WKH LQWHUPHWDOOLF
SKDVHVLQDSRURXVPDWHULDOWKDQLQDQRQSRURXVPDWHULDO
 &DUELGHV
)URPH[DPLQDWLRQVRIWKHVDPSOHVLQWKHOLJKWPLFURVFRSHDQG6(0LW
ZDVREVHUYHGWKDWFDUELGHVZHUHSUHVHQWDWDPXFKKLJKHU OHYHO LQWKH
$ DQG $ VDPSOHV DOOR\ $ FRPSDUHG WR0*6L ZKHUH FDUELGHV RQO\
ZHUHREVHUYHGRFFDVLRQDOO\,Q6HFWLRQFDUELGHVZHUHPHQWLRQHGDV
SRWHQWLDOQXFOHDWLRQVLWHV7KHUHDVRQIRUWKHKLJKFDUELGHFRQWHQWZDV
H[SODLQHGE\WKHODFNRIDUHILQLQJVWHSIRUDOOR\$7KHDYHUDJHFDUERQ
FRQWHQWLQVDPSOH$ZDVSSPZFRPSDUHGWRSSPZIRUVDPSOH*
%  ,Q VDPSOH$ WKHFRQWHQWZDVPXFKKLJKHUSSPZEXW WKLV
ZDVDWWULEXWHGWRFRQWDPLQDWLRQE\WKHFDUERQSURWHFWLRQWXEHVXVHGLQ
WKHH[SHULPHQWDQGQRWVHHQDVUHSUHVHQWDWLYHIRUWKHPDWHULDO1REXON
,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV



DQDO\VLVRIFDUERQZDVWDNHQLQWKHWDSSLQJEHDPVRWKHFDUERQFRQWHQW
SULRUWRUHILQLQJZDVQRWNQRZQ

,Q)LJXUHDEHOWRIFDUELGHVWKDWZDVREVHUYHGFPIURPWKHWRS
LQ VDPSOH $ LV SUHVHQWHG 6DPSOH $ FRQWDLQHG VHYHUDO EHOWV RI
FDUELGHV6RPHRIWKH6(0PLFURJUDSKVWDNHQLQDUHDVZLWKDKLJK6L&
FRQWHQW UHYHDOHG WKDW WKH FDUELGHV RIWHQ ZHUH LQWHUFRQQHFWHG &LIWMD
PHQWLRQHGWKDWSDUWLFOHVLQWKHPHOWFDQIRUPDJJORPHUDWHVWKDW
ZHUHHLWKHUZLWKLQDJUDLQRULQWKHJUDLQERXQGDU\



)LJXUH%HOWRIFDUELGHVIRXQGFPIURPWRSVXUIDFH
2[\JHQ


)LJXUH6HFWLRQFORVHWRWKHEHOWDURXQGFPFRUUHVSRQGLQJWRDPP[
PPVTXDUHRQWKHVDPSOH
)URPWKHWZRSUHFHGLQJILJXUHVLWZDVREVHUYHGWKDWFDUELGHVZHUHQRW
RQO\IRXQGLQFRPELQDWLRQZLWKLQWHUPHWDOOLFSKDVHVEXWDVXEVWDQWLDO
DPRXQW ZDV SUHVHQW LQ WKH VLOLFRQPDWUL[ 'XULQJ D SURFHVV VXFK DV
OHDFKLQJFDUELGHVSUHVHQWZLWKLQWKHVLOLFRQPDWUL[ZLOOQRWEHUHPRYHG
ZKLOH FDUELGHV IRXQG LQ JUDLQ ERXQGDULHV LQ FRQQHFWLRQ ZLWK WKH
LQWHUPHWDOOLFSKDVHVSUREDEO\ZRXOGEH$FFRUGLQJWR0DUJDULD 
6L& ZLOO PRGLI\ VXUIDFH SURSHUWLHV RI VLOLFRQ DQG WKHUHIRUH DIIHFW WKH
GLUHFWV\QWKHVLV
 2[\JHQ
2[\JHQ ZDV LQWURGXFHG LQ WKH VDPSOHV ZKHUH WKH VXUIDFHV WKDW KDYH
EHHQLQFRQWDFWZLWKDLURU LIVODJZDVLQFRUSRUDWHG LQWRWKHVWUXFWXUH
2[\JHQZDVVHHQLQFRUUHODWLRQZLWKWKHOD\HUVDVFRQILUPHGE\HOHFWURQ
PLFURSUREHPDSSLQJ)LJXUH
,QYHVWLJDWLRQRIWKH0DFURDQG0LFURVWUXFWXUHV




)LJXUH0DSSLQJDURXQGDVROLGLILFDWLRQOD\HUVDPSOH7KHVFDOHEDUWRWKH
ULJKWLQGLFDWHVWKHDPRXQWRIWKHGLIIHUHQWHOHPHQWV
 6LOLFRQ ORVV UHODWHG WR WKH LQWHUPHWDOOLF
SKDVHV
,WZDVVHHQIURPWKHDERYHWKDWVLOLFRQZDVRQHRIWKHPDLQFRQVWLWXHQWV
LQ DOO WKH LQWHUPHWDOOLF SKDVHV 7KLV PHDQV WKDW WKH IRUPDWLRQ RI
LQWHUPHWDOOLFSKDVHVUHSUHVHQWVDORVVRIVLOLFRQ,Q6HFWLRQDVLPSOH
PDWHULDOEDODQFH IRU0*6LZDVSUHVHQWHG)URPWKHPDWHULDOEDODQFH
IRU HYHU\ LURQ DWRP SUHVHQW DSSUR[LPDWHO\  VLOLFRQ DWRPV ZHUH
SUHVHQW 7KLV PHDQV WKDW WKH QXPEHU RI PROHV VLOLFRQ ERXQG LQ WKH
LQWHUPHWDOOLFSKDVHVZHUHPRUHWKDQWZLFHWKHDPRXQWRIPROHVLURQLQ
6LOLFRQORVVUHODWHGWRWKHLQWHUPHWDOOLFSKDVHV


WKHFDVW,QZHLJKWSHUFHQWVLPSOLILHGWKLVJDYHDaUDWLR)RUDOOR\$
WKHPDLQ LQWHUPHWDOOLF SKDVHVZHUH$O)H6L$O&D)H6L DQG$O&D6L
VRDWOHDVWWZLFHDVPDQ\PROHVVLOLFRQZRXOGORVWFRPSDUHGWRLURQ,Q
DGGLWLRQDSSUR[LPDWHO\DQHTXDOQXPEHURIPROHVVLOLFRQFRPSDUHG WR
WKH PROHV DOXPLQLXP ZDV IRXQG LQ WKH $O&D6L ZKLFK JDYH DQ
DGGLWLRQDO ORVV )LJXUH  LOOXVWUDWHV WKH OLQHDU UHODWLRQVKLS EHWZHHQ
LURQ DQG VLOLFRQ SUHVHQW LQ LQWHUPHWDOOLF SKDVHV LQ0*6L 7KH VLOLFRQ
IRXQGLQWKHWHUQDU\FDOFLXPSKDVHZDVQRWFRQVLGHUHG1HLWKHUZDVWKH
IDFW WKDW LQFUHDVLQJ WKH DPRXQW DQG UDWLR EHWZHHQ FHUWDLQ DOOR\LQJ
HOHPHQWV FKDQJHV WKH UDWLR RI WKH LQWHUPHWDOOLFV IRUPHG ZKLFK FDQ
FKDQJHWKH)H6LUDWLRLQWKHSKDVHV


)LJXUH6LOLFRQIRXQGLQLQWHUPHWDOOLFSKDVHVDVDIXQFWLRQRIZWLURQ
$VDQH[DPSOHRIDPRXQWVLOLFRQERXQGWRWKHSKDVHVD0*6LTXDOLW\
ZLWK ZW LURQ FRQWHQWZDV FRQVLGHUHG ,I WKH GDLO\ SURGXFWLRQ RI
0*6LLVWRQQHVDWDSODQWWKHQDQQXDOO\WRQQHVVLOLFRQZLOOEH
ERXQGWRWKHLQWHUPHWDOOLFSKDVHVDQGPD\EHORVW

$GGLWLRQRIRWKHUHOHPHQWVPD\EHQHFHVVDU\EXWZLOOEHDFFRPSDQLHG
E\DVLOLFRQORVV

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
 3RVW 3URFHVVLQJ RI 6LOLFRQ
&UXVKLQJDQG6FUHHQLQJ
7KH VL]LQJ SURFHVV RI VLOLFRQ IURP WKH FDVWHG VLOLFRQ WR D ILQLVKHG
SURGXFW LQFOXGHV VHYHUDO VWHSV VXFK DV FUXVKLQJ DQG VLHYLQJ 7KHVH
SURFHVVHV LQYROYH VHYHUDO NLQGV RI FRVW VXFK DV HQHUJ\ XVHZHDU DQG
ORVVHV

,IDPDWHULDOLVWREHFUXVKHGWKHVDPSOHQHHGVWREHH[SRVHGWRDVWUDLQ
ODUJHUWKDQWKHUHVLVWDQFHWRUXSWXUH7KLVLVGRQHE\LPSDFWSUHVVXUH
RUDEUDVLRQ,QGXVWULDOO\SURGXFHGVLOLFRQLVDKHWHURJHQHRXVPDWHULDO
$FFRUGLQJWR6DQGYLNHWDO QHHGOHVKDSHGDVEHVWRVJUDLQVDUH
VDLGWREHPRUHGLIILFXOWWRFUXVKWKDQLVRPHWULFJUDLQV7UDQVIHUUHGWR
VLOLFRQWKLVPHDQVWKDW]RQHVLQWKHFDVWZLWKQHHGOHVKDSHGJUDLQVZLOO
EHKDUGHUWRFUXVKWKDQWKH]RQHVZLWKDPRUHHTXLD[HGVKDSH,QWKH
VFUHHQLQJSURFHVVDQHHGOHVKDSHGJUDLQPLJKWSDVVLILWHQWHUVSDUDOOHO
WR WKH VLHYHEXW LW LV VWRSSHG LI LW HQWHUVQRUPDO WR LW7KLV LOOXVWUDWHV
WKDW WKHUH ZLOO EH GLIIHUHQFHV LQ WKH RSWLPDO VL]LQJ SURFHVV ZLWKLQ WKH
VDPHFDVWDQGEHWZHHQFDVWVVROLGLILHGXQGHUGLIIHUHQWFRQGLWLRQV

,QD OHFWXUHE\.URJK  WKUHHPDLQDVSHFWVRI WKH FUXVKLQJDQG
VFUHHQLQJDUHOLVWHG

x 7RREWDLQDJUDQXODWHGSURGXFWWRWKHFXVWRPHU
VVSHFLILFDWLRQV
x 7ROLEHUDWHSKDVHVLQWKHPDWHULDOIRUVHSDUDWLRQRUFOHDQLQJ
x 7R REWDLQ SURGXFWV ZLWK VL]H GLVWULEXWLRQV RSWLPDO IRU IXUWKHU
WUHDWPHQW

)RU WKHVLOLFRQSURGXFHU WKHDLP LVPDLQO\ WRREWDLQDSURGXFWZLWKD
VL]H GLVWULEXWLRQ FRUUHVSRQGLQJ WR WKH FXVWRPHU
V VSHFLILFDWLRQV
0DWHULDO EHORZ WKH FXVWRPHU·V VSHFLILFDWLRQ LV FRQVLGHUHG DV ´ILQHVµ
PDWHULDO7RJHWDQLPSUHVVLRQRIKRZWKHVROLGLILFDWLRQHIIHFWVWKH´ILQHVµ
JHQHUDWLRQDQDEUDVLRQWHVWZDVFRQGXFWHG7KLVWHVWZDVRI LQGLFDWLRQ
RQ KRZ PXFK ILQHV WKDW ZRXOG EH JHQHUDWHG GXULQJ KDQGOLQJ DQG
WUDQVSRUWRIWKHPDWHULDO$PDWHULDOZLWKKLJKHUDEUDVLRQVWUHQJWKZLOO
JHQHUDWH OHVV ´ILQHVµ GXULQJ KDQGOLQJ DQG VL]LQJ  ,Q WKLVZRUN ´ILQHVµ
ZHUHGHILQHGDVPDWHULDOEHORZPP

3RVW3URFHVVLQJRI6LOLFRQ&UXVKLQJDQG6FUHHQLQJ


,Q6HFWLRQ WKHPLFURKDUGQHVVRI WKHPDLQ LQWHUPHWDOOLFSKDVHV LQ
WKH V\VWHP KDV EHHQ LQYHVWLJDWHG LQ RUGHU WR VHH LI WKLV FRXOG EH
FRUUHODWHGWR´ILQHVµJHQHUDWLRQ

+RZWKHFRPSRVLWLRQYDULHGZLWKVL]H IUDFWLRQDIWHUFUXVKLQJJULQGLQJ
DQGVLHYLQJZDVDOVRH[DPLQHG
 $EUDVLRQVWUHQJWK
+LJKDEUDVLRQVWUHQJWKFDQEHDQDGYDQWDJHLILWPHDQVWKDWOHVVILQHV
DUHJHQHUDWHGGXULQJFUXVKLQJWUDQVSRUWDQGKDQGOLQJ


)LJXUH 5HVXOWV IURP WKH H[SHULPHQWV ZKHUH0*6L KDYH EHHQ XVHG 1RWH WKH
ODUJH YDULDWLRQ LQ WKH UHVXOWV GXH WR LQKRPRJHQHRXV PDWHULDOV 7KH FRROLQJ UDWH
GHFUHDVHVIURPOHIWWRULJKW

,Q)LJXUHWKHDEUDVLRQVWUHQJWKLVUHSUHVHQWHGDVDPRXQWLQZW
PDWHULDOOHVVWKDQPPDIWHUWKHDEUDVLRQWHVWIRU0*6LW\SHVLOLFRQ
7KH H[SHULPHQWV FRPSDUHG DUH WKH   DQG  FP FRSSHU SODWH
H[SHULPHQWV 0*6L  LQGXVWULDO DQG WKH &\EHUVWDU ,QJRWV FRQWDLQLQJ
0*6L 7KHDEUDVLRQ VWUHQJWK LQFUHDVHGZKHQ WKH DPRXQW RI VDPSOH
EHORZPPDIWHUWKHDEUDVLRQWHVWGHFUHDVHG7KHVWDQGDUGGHYLDWLRQV
VKRZQ LQ WKH ILJXUH DUH ODUJH ZKLFK LOOXVWUDWHV WKDW WKHPDWHULDO ZDV
LQKRPRJHQHRXV

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

3ULRUWRWKHDEUDVLRQWHVWLWZDVQRWHGWKDWWKHPDWHULDOHVSHFLDOO\IURP
WKH FRSSHU SODWH H[SHULPHQW FRQWDLQHG D ORW RI FUDFNV OD\HUV DQG
´ZRUPVµLQVRPHUHJLRQV7KLVFRXOGKDYHFDXVHG]RQHVLQWKHPDWHULDO
WKDW ZHUH ZHDNHU DQG WKXV FRQWULEXWHG WR WKH LQKRPRJHQHLW\ RI WKH
PDWHULDO 7KH ILJXUH LQGLFDWHG D ZHDN WUHQG  DEUDVLRQ VWUHQJWK
LQFUHDVHGZKHQ WKHFRROLQJ UDWHZDVUHGXFHG IRU WKH0*6LPDWHULDO
)RUWKH0*6LDQGDOOR\$LWZDVQRWSRVVLEOHWRVHHWKLVWUHQG

6FKXVVOHUHWDOGHVFULEHGWKDWVLOLFRQZLWKDKLJKFRQWHQWRI&D
ZDV PRUH EULWWOH  ([SHULPHQW  ²  FP FRSSHU SODWH DQG WKH
&\EHUVWDU IXUQDFHH[SHULPHQWERWKKDG ORZFDOFLXPFRQWHQWEXW WKH\
ZHUHDWHDFKHQGRIWKHVFDOHLQWKHDEUDVLRQWHVW,WZDVQRWSRVVLEOHWR
FRQFOXGH LI FDOFLXP FRQWHQW KDG DQ HIIHFW RQ WKH DEUDVLRQ VWUHQJWK
7KHUHZHUHWRRPDQ\YDULDEOHVLQWKHV\VWHPLQRUGHUWRFRQFOXGHZKDW
ZDVWKHPRVWLPSRUWDQWFRQWULEXWRUWRWKHDEUDVLRQVWUHQJWK
 9LFNHUVPLFURKDUGQHVVPHDVXUHPHQWV
7KH PLFUR KDUGQHVV PHDVXUHPHQWV ZHUH SHUIRUPHG RQ LQWHUPHWDOOLF
SKDVHV WKDW KDG EHHQ LPDJHG ZLWK WKH 6(0 LQ FRPELQDWLRQ ZLWK WKH
(30$ SULRU WR WKH PHDVXUHPHQWV $IWHU WKH PHDVXUHPHQWV WKH VDPH
SKDVHVZHUHLPDJHGXVLQJDOLJKWPLFURVFRSH&UDFNVDOUHDG\SUHVHQWLQ
WKH PDWHULDO FRXOG WKHQ EH GLVWLQJXLVKHG IURP WKRVH PDGH E\ WKH
LQGHQWLRQ,Q7DEOHWKHDYHUDJHPLFURKDUGQHVV+9LVJLYHQIRUWKH
IRXU RI WKH PDLQ LQWHUPHWDOOLF SKDVHV LQ WKH VDPSOH XVHG VDPSOH *
IURPWKHLQGXVWULDOH[SHULPHQW0*6L

7DEOH$YHUDJHPLFURKDUGQHVVRIWKHPRVWFRPPRQSKDVHVLQ0*6L
 $O)H6L7L $O&D)H6L +7$O)H6L $O)H6L
0HDQ    
0D[    
0LQ    
67'    
    

7KHWDEOHLQGLFDWHVWKDWWKHWLWDQLXPSKDVHZDVWKHKDUGHVWSKDVHZKLOH
WKH$O)H6LSKDVHZDVWKHVRIWHVWSKDVH,WFDQEHVHHQIURPWKHWDEOH
WKDW WKH GLIIHUHQFH EHWZHHQ WKH PD[LPXP DQG PLQLPXP KDUGQHVV
REVHUYHG IRU D JLYHQ SKDVHZDV ODUJH LQ DGGLWLRQ WR D ODUJH VWDQGDUG
GHYLDWLRQ ,W LVGHVFULEHG LQ ,62  WKDWZLWKDGHFUHDVLQJ
DSSOLHG ORDG WKHUH ZLOO EH DQ LQFUHDVH LQ WKH VFDWWHU RI WKH
PHDVXUHPHQWV7KHGHWHUPLQDWLRQRIWKHGLDJRQDOVZDVDFFRUGLQJWRWKH
3RVW3URFHVVLQJRI6L

VWDQGDUGXQOLNHO\ WRE
PLFUR KDUGQHVV WHVWL
H[SHULPHQWVYDU\IURP
WKH PHDVXUHPHQW RI
PLFURKDUGQHVV FDOFX
EHFDXVH WKHQ WKH SK
PHDVXUH

)LJXUH6(0PLFURJUDS

OLFRQ&UXVKLQJDQG6FUHHQLQJ

HEHWWHU WKDQPPZLWK WKH
QJ ,W ZDV VHHQ WKDW WKH GLDJRQ
DURXQGWRPPDQGDVP
WKH GLDJRQDOV UHVXOWHG LQ D ODUJH F
ODWHG ,WZDVQRW SRVVLEOH WR DSSO\ D
DVHV VKDWWHUHG DQG QR GLDJRQDOV
KSULRUWRPLFURKDUGQHVVPHDVXUHPHQW
ORDGXVHG LQ
DOV LQ WKHVH
DOOFKDQJHLQ
KDQJH LQ WKH
 KLJKHU ORDG
ZHUH OHIW WR

9LFNHUVPLFURKDUGQHVVPHDVXUHPHQWV



)LJXUH/LJKWPLFURVFRSHLPDJHDIWHUPLFURKDUGQHVVPHDVXUHPHQW

)LJXUHDQG)LJXUHLOOXVWUDWHWKUHHRIWKHSRLQWVZKHUHWKHPLFUR
KDUGQHVV ZDV PHDVXUHG EHIRUH DQG DIWHU WKH PHDVXUHPHQW 3RLQWV 
DQG  ZHUH WKH $O&D)H6L SKDVH ZKLOH SRLQW  ZDV WKH $O)H6L7L
SKDVH 7KH UHVXOW JDYH D YDOXH RI  DQG  IRU SRLQW  DQG 
UHVSHFWLYHO\ DQG IRUSRLQW 7KHUHZDVD ODUJHGHYLDWLRQEHWZHHQ
SRLQWVDQGHYHQWKRXJKWKLVZDVWKHVDPHSKDVH ,WZDVREVHUYHG
WKDWWKHUHZHUHPRUHFUDFNVLQLWLDOO\LQWKHDUHDZKHUHLQGHQWLRQZDV
PDGHFRPSDUHGWRLQGHQWLRQ$OVRLWZDVVHHQWKDWDIWHU LQGHQWLRQ
WKHDUHDZDVPRUHGHVWUR\HGWKHQDIWHULQGHQWLRQ7KLVVKRZVWKDWWKH
FUDFNVLQLWLDOO\SUHVHQWDIIHFWHGWKHYDOXHREWDLQHG)URPWKHH[SUHVVLRQ
IRU9LFNHUVPLFURKDUGQHVVLQ(TXDWLRQLWZDVVHHQWKDWWKHODUJHU
WKH GLDJRQDOV WKH ORZHU WKH PLFUR KDUGQHVV )RU D VRIW PDWHULDO WKH
GLDJRQDOV DUH ORQJ VLQFH WKH LQGHQWHU LV DEOH WR LQGHQW GHHS LQWR WKH
PDWHULDO EXW IRU D KDUG PDWHULDO WKH GLDJRQDOV DUH VPDOOHU 6LQFH
SURSDJDWLRQVRIFUDFNVFRXOGKDYHOHGWRORQJHUGLDJRQDOVWKHKDUGQHVV
YDOXHFRXOGLQGLFDWHWKDWWKHSKDVHVZHUHVRIWHUWKDQZKDWZDVDFWXDOO\
WKHFDVH$QJOH]LRHWDO EUHSRUWHGD9LFNHUVKDUGQHVVRI
IRUWKH$O&D)H6LSKDVHPHDVXUHGZLWKDORDGRI1
3RVW3URFHVVLQJRI6LOLFRQ&UXVKLQJDQG6FUHHQLQJ


 $PRXQW RI DOOR\LQJ HOHPHQWV DV D IXQFWLRQ RI
SDUWLFOHVL]H
)LJXUH LOOXVWUDWHVKRZWKHDPRXQWRIDOOR\LQJHOHPHQWVYDULHGZLWK
VL]H IUDFWLRQ RI WKH VDPSOH ,W FDQ EH VHHQ WKDW WKH FRPSRVLWLRQ ZDV
FRQVWDQWLQDOOIUDFWLRQVDERYHPP:KHQWKHVL]HZDVOHVVWKDQ
PPWKHDPRXQWVWDUWHGWRLQFUHDVH,QWKHIUDFWLRQPP
WKHDPRXQWRIDOOHOHPHQWVZDVDSSUR[LPDWHO\GRXEOHG


)LJXUH&KHPLFDODQDO\VLVRI$O&D)HDQG7LLQWKHGLIIHUHQWVL]HIUDFWLRQVDIWHU
FUXVKLQJDQGVLHYLQJ

7KHUHDVRQIRUWKHDFFXPXODWLRQLQWKHILQHU IUDFWLRQVZDVUHYHDOHGE\
WKH 6(0 PLFURJUDSKV WKHUH ZHUH VHYHUDO FUDFNV LQ WKH LQWHUPHWDOOLF
SKDVHV WKDW GLYLGHG HDFK LQWHUPHWDOOLF SKDVH LQWR VHYHUDO FHOOV RIWHQ
ZLWKDGLDPHWHUOHVVWKDQPP)LJXUH7KLVKDVEHHQQRWHGE\
DXWKRUV VXFK DV*XHQHDX HW DO F DQG2WW  6LQFH WKHUH
ZHUH DOUHDG\ PDQ\ FUDFNV LQ WKH LQWHUPHWDOOLF SKDVHV WKH PDWHULDO
ZRXOG HDVLO\ EH FUXVKHG DORQJ WKHLU SDWK 7KLV ZDV FRQILUPHG GXULQJ
WKHPLFURKDUGQHVVPHDVXUHPHQW:KHQWKHPDWHULDOZDVFUXVKHGWKLV
FDXVHG WKH LQWHUPHWDOOLF SKDVHV WR KDYH D WHQGHQF\ WR HQG XS LQ WKH
ILQHUIUDFWLRQVJLYHQWKDWWKH\ZHUHOLEHUDWHG$FFRUGLQJWR*XHQHDXHW
DO F WKH FUDFNLQJ LQ IHUURVLOLFRQ ZDV LQGXFHG E\ WKHUPR
PHFKDQLFDOVWUHVVHGGXH WR WKHGLIIHUHQFHEHWZHHQGLODWLRQFRHIILFLHQWV
RI VLOLFRQ DQG +7)H6L 7KLV PLJKW KDYH EHHQ WKH FDVH IRU WKH
LQWHUPHWDOOLFSKDVHVLQVLOLFRQDVZHOO
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 7KH FRQVHTXHQFHV RI WKH VKDSH VL]H DQG VWUHQJWK RI WKH
LQWHUPHWDOOLFSKDVHV



 7KHFRQVHTXHQFHVRI WKHVKDSHVL]HDQGVWUHQJWK
RIWKHLQWHUPHWDOOLFSKDVHV
7KH LQWHUPHWDOOLF SKDVHV VKRZ PDQ\ GLIIHUHQW IRUPV DQG VL]HV  $V
GHVFULEHG LQ FKDSWHU  WKHUH ZDV D VWURQJ LQGLFDWLRQ WKDW D ORZHU
FRROLQJUDWH WKURXJKWKH WHPSHUDWXUHUHJLRQZKHUH WKHUHPDLQLQJPHOW
FRXOG UHDUUDQJH UHVXOWHG LQ ODUJHU DQG PRUH VSKHULFDO LQWHUPHWDOOLF
SKDVHVWKDWLVDORZHUVXUIDFHDUHDYROXPHUDWLR$IWHUFUXVKLQJJLYHQ
WKDWWKHLQWHUPHWDOOLFSKDVHVEUHDNDORQJWKHFUDFNVWKHSUREDELOLW\RI
ILQGLQJODUJHUSKDVHVLQWKHJURXQGPDWHULDOLVKLJKHUZKHQWKHVXUIDFH
DUHDYROXPHUDWLRKDVEHHQORZ

$ KLJKHU FRROLQJ UDWH RQ WKH FRQWUDU\ VHHPHG WR JLYH PRUH ´VKHHWµ
IRUPHGLQWHUPHWDOOLFSKDVHVGXHWRWKHKLJKHUVXUIDFHDUHDYROXPHUDWLR
7KLVFDXVHVWKHLQWHUPHWDOOLFSKDVHVWREUHDNLQWRVPDOOHUSLHFHV

7KLV GLIIHUHQFH PD\ EH VLJQLILFDQW IRU WKH XVDJH RI WKH VLOLFRQ LQ WKH
GLIIHUHQWGRZQVWUHDPSURFHVVHV
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
3RVW3URFHVVLQJRI6LOLFRQ&UXVKLQJDQG6FUHHQLQJ











 0DJQHWLFVHSDUDWLRQ
7KHSURGXFWLRQRI0*6LWRGD\LVEDVHGRQWKHXVHRIUHODWLYHSXUHUDZ
PDWHULDOV TXDUW] DQG FDUERQ /RZHU TXDOLW\ UDZ PDWHULDOV PD\ EH D
SUREDEOH IXWXUH VFHQDULR )RU WKDW UHDVRQ RWKHU UHILQLQJ SURFHVVHV IRU
UDZ PDWHULDOV DQG VLOLFRQ PD\ EH QHHGHG 2QH DOWHUQDWLYH WR SXULI\
PHWDOOXUJLFDO JUDGH VLOLFRQ LV E\ PHDQV RI PDJQHWLF VHSDUDWLRQ RI
FUXVKHGPLOOHGPDWHULDO ,I WKH LQWHUPHWDOOLF SKDVHV LQ WKH0*6L DUH
IHUUR RU SDUDPDJQHWLF WKH\ FRXOG LQ SULQFLSOH EH VHSDUDWHG IURP WKH
VLOLFRQPDWUL[ ,Q WKLVZRUN WKHDLPZDV WRFDUU\RXWDQ LQLWLDO WHVW WR
H[SORUH LI WKHUH LV SRWHQWLDO IRU SXULI\LQJ0*6L E\PHDQV RIPDJQHWLF
VHSDUDWLRQ

$VRXWOLQHGLQ&KDSWHUERWKDZHWDQGDGU\PDJQHWLFVHSDUDWRUZHUH
XVHG)RUWKHZHWVHSDUDWLRQIUDFWLRQVRIǍPDQGPZHUH
XWLOL]HG )RU WKH GU\ VHSDUDWLRQ IUDFWLRQV RI ǍP  P 
ǍPDQGǍPZHUHXWLOL]HG

 5HFRYHU\ DQG *UDGH RI WKH VHSDUDWHG
VDPSOHV
,Q &KDSWHU  WZR LPSRUWDQW WHUPV GHVFULELQJ WKH HIILFLHQF\ RI WKH
VHSDUDWLRQZHUHOLVWHGDVJLYHQE\2EHUWHXIIHU²KHUHDGDSWHGIRU
VLOLFRQDOOR\LQJHOHPHQWV

5HFRYHU\5PUDWLRRIDOOR\LQJHOHPHQWVLQWKHPDJQHWLFIUDFWLRQUHODWLYH
WRWKDWLQWKHIHHG

*UDGH *P  WKH DPRXQW RI DOOR\LQJ HOHPHQWV LQ WKH LQ WKH PDJQHWLF
IUDFWLRQ

*UDGH *QP WKH DPRXQW RI DOOR\LQJ HOHPHQWV LQ WKH QRQPDJQHWLF
IUDFWLRQ

,Q)LJXUHDQG)LJXUHKLVWRJUDPVUHSUHVHQWLQJWKHZWRI$O&D
)HDQG7L LQWKHPDJQHWLFDQGQRQPDJQHWLFVDPSOHVRIIUDFWLRQV²
ǍPDQGǍPDUHSUHVHQWHG)URPWKHILJXUHVLWLVVHHQWKDWWKH
KLJKHVWJUDGHRIDOOR\LQJHOHPHQWVZDVREWDLQHGLQWKHPDJQHWLFIUDFWLRQ
5HFRYHU\DQG*UDGHRIWKHVHSDUDWHGVDPSOHV


RIVL]H²ǍPXVLQJWKH6/RQVHSDUDWRU)RUWKH3HUPUROOVHSDUDWLRQRI
VL]H²ǍPWKHDPRXQWRIDOOR\LQJHOHPHQWVZHUHDOPRVWHTXDOLQWKH
PDJQHWLFDQGQRQPDJQHWLFVDPSOHV

)LJXUH &KHPLFDO DQDO\VLVZW RI DOOR\LQJ HOHPHQWV LQ WKHPDJQHWLF DQG QRQ
PDJQHWLF IUDFWLRQV RI VL]H  ǍP 7KLV HTXDOV WKH JUDGH *P DQG *QP ,Q VDPSOH
*P6/RQ$ODQG)HUHDFKHGWKHLUVROXELOLW\ OLPLWV LQGLFDWLQJWKDWWKHLUFRQWHQWFRXOG
KDYHEHHQKLJKHU


)LJXUH&KHPLFDODQDO\VLVRIDOOR\LQJHOHPHQWVLQWKHPDJQHWLFDQGQRQPDJQHWLF
IUDFWLRQVRIVL]HǍP7KLVHTXDOVWKHJUDGH*PDQG*QP
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0DJQHWLFVHSDUDWLRQ



,Q )LJXUH  WKH SHUFHQWDJH RI DOOR\LQJ HOHPHQWV WKDW HQG XS LQ WKH
PDJQHWLFIUDFWLRQLVJLYHQWKDWLVWKHUHFRYHU\RIWKHDOOR\LQJHOHPHQWV
5P


)LJXUH5HFRYHU\5PRI)H$O&DDQG7LLQWKHPDJQHWLFIUDFWLRQV

7KH EXON FRPSRVLWLRQ EHIRUH WKH VHSDUDWLRQ RI HDFK IUDFWLRQ ZDV
FDOFXODWHG E\ VXPPDUL]LQJ WKH DPRXQW LQ WKH QRQPDJQHWLF DQG
PDJQHWLF VDPSOHV ,W ZDV DVVXPHG WKDW WKHUHZDV QR ORVV GXULQJ WKH
H[SHULPHQW
 6L]HRIWKHLQWHUPHWDOOLFSKDVHV

)LJXUH  DQG )LJXUH  LOOXVWUDWH FRQFHQWUDWLRQ PDSV DW GLIIHUHQW
ORFDWLRQV LQ WKH PDJQHWLF DQG QRQPDJQHWLF VDPSOHV IURP WKH 6/RQ
VHSDUDWLRQ7KHFRORXULQGLFDWHVWKHDPRXQWRIDJLYHQHOHPHQWDQGWKH
FRUUHODWLRQEHWZHHQDPRXQWDQGFRORXULVJLYHQE\WKHVFDOHEDUVWRWKH
ULJKWLQWKHLPDJHV
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6L]HRIWKHLQWHUPHWDOOLFSKDVHV



)LJXUH   0DSSLQJ RI D SDUW RI WKH PDJQHWLF VDPSOH  ǍP IURP WKH 6/RQ
VHSDUDWLRQ
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

)LJXUH 0DSSLQJ RI D SDUW RI WKH QRQPDJQHWLF VDPSOH  ǍP IURP WKH 6/RQ
VHSDUDWLRQ

&RPSDULQJWKHPDSSLQJRIWKHPDJQHWLFDQGWKHQRQPDJQHWLFVDPSOHV
LQ )LJXUH  DQG )LJXUH  LW LV VHHQ WKDW WKH DYHUDJH VL]H RI
LQWHUPHWDOOLF SKDVHV ZDV ODUJHU LQ WKH PDJQHWLF VDPSOHV )URP
(TXDWLRQ  LW LV VHHQ WKDW WKH PDJQHWLF IRUFH )P ZLOO GHSHQG RQ
0DJQHWLFVHSDUDWLRQ



ERWKWKHYROXPHDQGWKHVL]HRIWKHSDUWLFOH:KHQDSDUWLFOHLVEHORZD
FULWLFDO VL]H WKH FRPSHWLQJ IRUFHV FDQ H[FHHG WKHPDJQHWLF IRUFHV DQG
WKH PDJQHWLF SDUWLFOHV ZLOO HQG XS LQ WKH QRQPDJQHWLF IUDFWLRQ
([DPLQLQJWKHLQWHUPHWDOOLFSKDVHVLQ)LJXUHLWZDVVHHQWKDWWKHUH
ZHUH VHYHUDO FUDFNV LQ DOPRVW DOO RI WKH LQWHUPHWDOOLF SKDVHV 8VXDOO\
WKH\GRQRWH[WHQGIDULQWRWKHVLOLFRQPDWUL[,WZDVDVVXPHGWKDWWKH
SDUWLFOHVL]HRI WKH LQWHUPHWDOOLFSKDVHDIWHUFUXVKLQJGHSHQGHGRQWKH
VL]H JLYHQ E\ WKH FUDFNV EHIRUH FUXVKLQJ JLYHQ WKDW WKH SKDVHV ZHUH
OLEHUDWHG7KLVPHDQVWKDWPDQ\SDUWLFOHVKDGDVL]HOHVVWKDQǍP
DVVHHQIURP)LJXUH7KHUHVXOWFRXOGEHWKDWVHYHUDOSDUWLFOHVZHUH
EHORZWKHFULWLFDOVL]HQHHGHGIRU)PWRH[FHHGWKHFRPSHWLQJIRUFHV


)LJXUH%DFNVFDWWHUPLFURJUDSKRI0*6LPDWHULDODIWHULQGXVWULDOFDVWLQJ

7KH PLFURJUDSKV LQ )LJXUH  DQG )LJXUH  DOVR FRQILUP WKDW WKH
DYHUDJHVL]HRILQWHUPHWDOOLFSKDVHVZDVODUJHULQWKHPDJQHWLFIUDFWLRQV

6L]HRIWKHLQWHUPHWDOOLFSKDVHV



)LJXUH  %DFNVFDWWHU PLFURJUDSK RI PDJQHWLF VDPSOH  ǍP IURP WKH 6/RQ
VHSDUDWLRQ %ODFN EDFNJURXQG LV HSR[\ DQG SDUWLFOHVZLWK WKH GDUNHVW JUH\ FRQWUDVW
DUHVLOLFRQ


)LJXUH%DFNVFDWWHUPLFURJUDSK RIQRQPDJQHWLF VDPSOH ǍP IURP WKH6/RQ
VHSDUDWLRQ %ODFN EDFNJURXQG LV HSR[\ DQG SDUWLFOHVZLWK WKH GDUNHVW JUH\ FRQWUDVW
DUHVLOLFRQ

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0DJQHWLFVHSDUDWLRQ



 (YDOXDWLRQRIWKHH[SHULPHQW
$FFRUGLQJ WR1NRVLERPYX HW DO  JRRG PDJQHWLF SURSHUWLHV IRU
IHUURVLOLFRQDUHDVVRFLDWHGZLWKDKLJKFRQWHQWRILURQDQGDORZFRQWHQW
RI LPSXULWLHV7KH\ WHVWHG IHUURVLOLFRQZLWKDQDEXQGDQFHRI LURQZLWK
DQDQDO\VLVEHWZHHQDQGDWLURQ7KHDYHUDJH LURQFRQWHQW LQ
WKHGLIIHUHQWLQWHUPHWDOOLFSKDVHVYDULHGEHWZHHQDYHUDJHRIDWIRU
WKH $O)H6L WR  DW  IRU WKH +7$O)H6L DQG  DW  IRU WKH
$O&D)H6L SKDVH.ORF HW DO  UHSRUWHG WKDW /7)H6L ǃ)H6L
DQG+7)H6LĮ)H6LVKRZHGDVPDOOSRVLWLYHPDJQHWLFVXVFHSWLELOLW\
/LWHUDWXUH GHVFULELQJ RWKHU SKDVHV ZDV QRW IRXQG )URP WKH (30$
DQDO\VLV RI WKHPDJQHWLF DQG QRQPDJQHWLF IUDFWLRQV+7$O)H6L DQG
$O&D)H6LZHUHREVHUYHGPRVWIUHTXHQWO\7KHVHZHUHDOVRWKHSKDVHV
PRVWIRXQGIUHTXHQWO\LQWKHEXONPDWHULDO)URPWKHFKHPLFDODQDO\VLV
DQLQFUHDVHLQDOODOOR\LQJDQGWUDFHHOHPHQWVZDVIRXQGLQWKHPDJQHWLF
IUDFWLRQVFRPSDUHG WR WKH FDOFXODWHGEXONDQDO\VLVRI D JLYHQ IUDFWLRQ
)RUWKHXPIUDFWLRQWKHEXONFRPSRVLWLRQZDVFDOFXODWHGWREH)H 
ZW$O ZW&D ZWDQG7L ZW,Q&KDSWHU
LW ZDV VHHQ WKDW WKH EXON SDUW RI WUDFH HOHPHQWV ZHUH IRXQG LQ WKH
LQWHUPHWDOOLFSKDVHV,WLVWKHUHIRUHQDWXUDOWKDWWKHLUFRQWHQWLQFUHDVHG
WRJHWKHUZLWKWKHPDLQDOOR\LQJHOHPHQWV

([DPLQLQJ WKH%6(PLFURJUDSKV LWZDVVHHQ WKDWVHYHUDO LQWHUPHWDOOLF
SKDVHVRIWHQZHUHIRXQGWRJHWKHULQWKHVDPHSDUWLFOH7KDWPHDQVWKDW
DQRQPDJQHWLFSKDVHPLJKWHQGXSLQWKHPDJQHWLFIUDFWLRQEHFDXVHLW
ZDVFRQQHFWHGWRDSKDVHZLWKDSRVLWLYHPDJQHWLFVXVFHSWLELOLW\

(YDOXDWLQJ WKH UHVXOWV IURP WKLV LQLWLDO WHVW LWZDV VHHQ WKDW WKH6/RQ
VHSDUDWRUJDYHWKHKLJKHVWJUDGHLQPDJQHWLFIUDFWLRQZKHQWKHVL]HZDV
OHVVWKDQǍP7KHVHSDUDWRUWKHQUHPRYHGRIWKHDOXPLQLXP
RIWKHLURQRIWKHFDOFLXPDQGRIWKHWLWDQLXP
7KH GRZQVLGH RI WKH  ǍP IUDFWLRQ LV WKDW WKH VPDOO SDUWLFOHV
LQWURGXFHPRUHVXUIDFHDUHDZKLFKDJDLQFDQLQWURGXFHPRUHR[\JHQLQ
WKHPDWHULDO $OVR D VPDOO SDUWLFOH VL]H ZRXOG QRW EH DQ RSWLRQ LI WKH
VLOLFRQLVWREHUHPHOWHGLQDQDOXPLQLXPDOOR\DVGHVFULEHGLQ6HFWLRQ


)RUWKH3HUPUROOH[SHULPHQWWKHUHFRYHU\RIDOOR\LQJHOHPHQWVZHUHODUJH
IRU WKHPLFURQ)LJXUH+RZHYHU LQ WKLVFDVH WKHUHZDVD ODUJH
VLOLFRQ ORVVVLQFHRI WKHVLOLFRQHQGVXS LQ WKHPDJQHWLF IUDFWLRQ
FRPSDUHG WR RQO\   IRU WKH 6/RQ VHSDUDWLRQ 7KH UHDVRQ IRU WKH
(YDOXDWLRQRIWKHH[SHULPHQW


LQFUHDVHG DPRXQW RI VLOLFRQ LQ WKH ²  ǍP ZDV SUREDEO\ GXH WR
HOHFWURVWDWLFIRUFHVEHWZHHQWKHVPDOOSDUWLFOHV)RUWKHODUJHUIUDFWLRQV
RIWKH3HUPUROOH[SHULPHQWVǍPDQGǍPWKHLQFUHDVH
RI LURQZDVKLJKHULQWKHPDJQHWLFIUDFWLRQWKDQWKHLQFUHDVHRI$O&D
DQG 7L 7KLVPLJKW KDYH EHHQ FDXVHG E\ D UHGXFWLRQ RI LQWHU SDUWLFOH
IRUFHVZKHQSDUWLFOHVZHUHODUJHUDQGRQO\SDUWLFOHVWKDWZHUHPDJQHWLF
VXVFHSWLEOH ZDV VHSDUDWHG LQ DGGLWLRQ WR SDUWLFOHV VWXFN RQPDJQHWLF
VXVFHSWLEOHSDUWLFOHV ,I WKLVZDV WKHFDVH LW LVSUREDEOH WKDW WKH+7
$O)H6LZDVUHVSRQVLEOHIRUWKHPDJQHWLFSURSHUWLHVRIWKHPDWHULDO

7KH EXON SDUW RI DOO VDPSOHV ZDV VLOLFRQ ZKLFK LV D GLDPDJQHWLF
PDWHULDO/LGHDQGLQWKHRU\VKRXOGEHUHSHOOHGE\WKHPDJQHWLF
PDWUL[7KLVLQGLFDWHGWKDWLQWHUSDUWLFOHIRUFHVZHUHSUHVHQWDQGVWURQJ

%ULQVRQHWDOGLGQRWREWDLQPDJQHWLFVHSDUDWLRQRI0*6LZKHQ
D+LJK*UDGH0DJQHWLFVHSDUDWRUZDVDSSOLHG+RZHYHUZKHQWKHVLOLFRQ
UHDFWHGZLWKPHWK\OFKORULGHLWZDVSRVVLEOHWRVHSDUDWRUWKHUHVLGXH$
VLPLODU HIIHFW ZDV REVHUYHG E\ 5RQJ HW DO  ZKR ZHUH DEOH WR
VHSDUDWH WKH UHVLGXHZKHQ VLOLFRQ WHWUDFKORULGHKDGEHHQ UHDFWHGZLWK
VLOLFRQLQDIOXLGL]HGEHGUHDFWRU

&KHQ HW DO  LQYHVWLJDWHG WKHPDJQHWLF VHSDUDWLRQ RI DPDWHULDO
FRQWDLQLQJZWLURQPDLQO\DVKHPDWLWHDQGTXDUW]7KH\DFKLHYHG
DEHWWHUPDJQHWLF VHSDUDWLRQXVLQJ WKHPPPDWUL[ IRU WKH6/RQ
VHSDUDWRU7KHVL]HRIWKHPDWHULDOWREHVHSDUDWHGZDVǍP
ǍPǍPDQG ǍP:KHQXWLOL]LQJ WKHPPPDWUL[ERWKWKH
UHFRYHU\DQGWKHJUDGHRILURQZDVLQFUHDVHGIRUWKHǍPDQG
ǍPIUDFWLRQV)RUWKHIUDFWLRQǍPWKHK\GURG\QDPLFGUDJIRUFH
LQFUHDVHGVRWKHUHFRYHU\ZDVUHGXFHG)RUWKHǍPIUDFWLRQWKH
PP JDYH WKH EHVW UHVXOW 7KLV LOOXVWUDWH WKDW WKH VHSDUDWLRQ LV
GHSHQGHQWRQWKHPDWUL[XVHGDQGLIQHZH[SHULPHQWVZHUHWREHGRQH
DPPPDWUL[VKRXOGEHWHVWHGDWOHDVWIRUWKHǍPIUDFWLRQ

$OWHUQDWLYHVIRUIXUWKHURSWLPL]DWLRQRIWKH6/RQVHSDUDWLRQZRXOGEHWR
FKDQJH H[SHULPHQWDO VHWWLQJV VXFK DV WKH SXOVH LQ WKH ZDWHU VWUHDP
VL]HRIWKHPDWUL[XVHGRUWKHILHOGVWUHQJWK7KHFKHPLVWU\FRXOGDOVR
EH FKDQJHG WR JDLQ PRUH NQRZOHGJH DERXW WKH VXVFHSWLELOLW\ RI WKH
GLIIHUHQWSKDVHV



 &RQFOXVLRQV

7KH UHVXOWV IURP WKH &2062/ KHDW WUDQVIHU PRGHO ZHUH LQ JRRG
DJUHHPHQW ZLWK WKH H[SHULPHQWDO PHDVXUHPHQWV 7KH PRGHO DQG WKH
SDUDPHWHUVPD\EHXWLOL]HGIRUIXWXUHZRUNLQRUGHUWRRSWLPL]HH[LVWLQJ
RUGHVLJQQHZVLOLFRQFDVWLQJPHWKRGV7KHGHYHORSHG&2062/PRGHO
ZDVXVHGWRXQGHUVWDQGWKHUHVXOWLQJPLFURVWUXFWXUHRIWKHFDVW

7KHH[SHULPHQWVLOOXVWUDWHGWKDWVHYHUDOIDFWRUVFRQWULEXWHGWRWKHILQDO
JUDLQ VL]HQRW RQO\ WKH FRROLQJ UDWH2WKHU IDFWRUVZHUH LQFOXVLRQV LQ
WKHPHOWE\UHGXFLQJWKHEDUULHUWRKHWHURJHQHRXVQXFOHDWLRQDPRXQW
RI DOOR\LQJ HOHPHQWV LQ WKHPHOW FDXVLQJ FRQVWLWXWLRQDOO\ XQGHUFRROHG
UHJLRQV ZKLFK IDFLOLWDWHG HTXLD[HG JURZWK WHPSHUDWXUH LQ WKH PHOW
ZKLFK DOVR FRXOG KDYH IDFLOLWDWHG HTXLD[HG JURZWK EXW DOVR WKH
IRUPDWLRQRIVROLGLILFDWLRQOD\HUVGXULQJFDVWLQJ

,W ZDV REVHUYHG WKDW VLOLFRQ H[WUHPHO\ TXLFN IRUPHG D VROLGLILHG
VNLQOD\HUGXULQJWKHFDVWLQJSURFHVV7KHVHOD\HUVDFWHGDVDERXQGDU\
IRUWKHDOOR\LQJWUDFHHOHPHQWVLQWKHHQULFKHGPHOW$QHZHQULFKPHQW
RI WKH OLTXLG VWDUWHG EHORZ WKH OD\HU RU DERYH GHSHQGLQJ RQ WKH
GLUHFWLRQRIWKHKHDWIORZ7KHUHVXOWZDVWKDWRQHVLGHRIWKHOD\HUZDV
HQULFKHGLQDOOR\LQJWUDFHHOHPHQWVDQGWKHRWKHUVLGHZDVGHILFLHQWLQ
DOOR\LQJWUDFHHOHPHQWV7KLVLQIOXHQFHGWKHVHJUHJDWLRQSDWWHUQDQGWKH
VLOLFRQJUDLQVL]H

)RUWKHLQGXVWULDO0*6LH[SHULPHQWLWZDVREVHUYHGWKDWVPDOOVLOLFRQ
JUDLQV ZHUH RIWHQ DFFRPSDQLHG E\ DQ XQHYHQ GLVWULEXWLRQ RI
LQWHUPHWDOOLF SKDVHV ZKLOH ODUJH VLOLFRQ JUDLQV ZHUH IRXQG LQ
FRPELQDWLRQ ZLWK D PRUH HYHQ ´VKHHWµ IRUPHG GLVWULEXWLRQ RI
LQWHUPHWDOOLFSKDVHV7KLVZRUNVXSSRUWVWKDWWKHFRROLQJUDWHDIWHUWKH
VROLGLILFDWLRQRISULPDU\VLOLFRQKDGDQHIIHFWRQWKHVL]HDQGIRUPRIWKH
LQWHUPHWDOOLF SKDVHV  7KLV PD\ EH XWLOL]HG LQGXVWULDOO\ WR DFKLHYH D
ZDQWHGLQWHUPHWDOOLFVWUXFWXUH

,WZDVREVHUYHGWKDWDOO LQWHUPHWDOOLFSKDVHVFRQWDLQHGDODUJHDPRXQW
RI FUDFNV 7KH VL]H DQG VKDSH DIWHU FUXVKLQJ PD\ EH GHILQHG E\ WKH
FUDFNSDWWHUQDQGWKHRULJLQDOVL]HRIWKHLQWHUPHWDOOLFSKDVHV
&RQFOXVLRQV


$ FRQVHTXHQW KDQGOLQJ RI WKH FDVWHG VLOLFRQ PD\ EH LPSRUWDQW WR
LQIOXHQFHWKHLQWHUPHWDOOLFSKDVHV,HDSLOHVWRUDJHRIVLOLFRQFDVWVPD\
UHWDLQ WKH KHDW ORQJHU LQ WKH FDVW DQG UHVXOW LQ ODUJHU LQWHUPHWDOOLF
SKDVHVZLWKDORZHUSUREDELOLW\WREUHDNXSLQWRVPDOOSLHFHV

$ KLJKHU FRROLQJ UDWH RQ WKH FRQWUDU\ VHHPHG WR JLYH PRUH ´VKHHWµ
IRUPHGLQWHUPHWDOOLFSKDVHVGXHWRDKLJKHUVXUIDFHDUHDYROXPHUDWLR
7KLVPD\FDXVHWKHLQWHUPHWDOOLFSKDVHVWREUHDNLQWRVPDOOHUSLHFHV

7KH GLVWULEXWLRQ RI WKH LQWHUPHWDOOLF SKDVHV DOVR GHSHQGHG RQ
VROLGLILFDWLRQOD\HUVDYDLODEOHVSDFHEHWZHHQWKHVLOLFRQJUDLQVDQGWKH
DPRXQWRIDOOR\LQJHOHPHQWV

$Q RSWLPL]HG VKDSH DQG VL]H RI WKH LQWHUPHWDOOLF SKDVHV PD\ EH
VLJQLILFDQW IRU WKH XVDJH RI WKH VLOLFRQ LQ WKH GLIIHUHQW GRZQVWUHDP
SURFHVVHV

7KHVHJUHJDWLRQGHSHQGHGRQWKHGLVWDQFHWKHVROLGLI\LQJIURQWVWUDYHOOHG
7KH ORQJHUWKHGLVWDQFHWKHKLJKHUWKHHQULFKPHQW LQWKHPHOW 0DFUR
VHJUHJDWLRQZDVREVHUYHGLQDOOFDVWEXWLWZDVOHVVLQWKHFPFDVW
VLQFHWKHIURQWVWUDYHOOHGDVKRUWHUGLVWDQFH

&X 0Q DQG 9 IROORZHG WKH VHJUHJDWLRQ SDWWHUQ RI WKH PDLQ DOOR\LQJ
HOHPHQWV$O&D)HDQG7LZKLOHWKHSDWWHUQIRU0J6QDQG3ZDVQRW
DVSURQRXQFHG7KLVZDVLQDJUHHPHQWZLWKWKHLUUHVSHFWLYHGLVWULEXWLRQ
FRHIILFLHQWV 7LQ KDUGO\ VHJUHJDWHG DQG RIWHQ IROORZHG WKH SDWWHUQ RI
VLOLFRQUDWKHUWKDQWKHPDLQDOOR\LQJHOHPHQWV

2YHU  LQWHUPHWDOOLF SKDVHV IURP WKH GLIIHUHQW H[SHULPHQWV ZHUH
LQYHVWLJDWHG E\ (30$ ,W ZDV VHHQ WKDW WKH PDLQ SKDVHV LQ WKH
PHWDOOXUJLFDO JUDGH VLOLFRQ ZHUH +7$O)H6L $O)H6L $O)H6L
$O&D)H6L DQG $O)H6L7L ,Q DGGLWLRQ $O&D6L ZDV REVHUYHG 7KLV
ZDV FRQVLVWHQW WR HDUOLHU ILQGLQJV LQ OLWHUDWXUH $ IHZ DQDO\VHV RI WKH
VLOLFRQPDWUL[ LQGLFDWHG WKDWDQ LQFUHDVHGFRROLQJUDWHVXFKDV LQ WKH
FRSSHU SODWH H[SHULPHQWV LQFUHDVHG WKH LQFRUSRUDWLRQ RI DOOR\LQJ DQG
WUDFHHOHPHQWVLQWRWKHVLOLFRQPDWUL[7KLVVXJJHVWVWKDWWKHWUDGHRIIWR
REWDLQDVPDOOHUJUDLQVL]HGXHWRDQLQFUHDVHGFRROLQJUDWHZDVDOHVV
SXUHVLOLFRQPDWUL[

&RQFOXVLRQV



7KH WUDQVLWLRQ HOHPHQWV FORVH WR WLWDQLXP LQ WKH SHULRGLF WDEOH ZHUH
IRXQG LQ WKH KLJKHVW FRQFHQWUDWLRQ LQ WKH WLWDQLXP ULFK SKDVHV
$O)H6L7LRU6L7L7KLVZDVWUXHIRUYDQDGLXPFKURPLXPDQG]LUFRQ
/DUJHHOHPHQWVOLNHEDULXPDQGZROIUDPZHUHDOVRIRXQGLQFRQQHFWLRQ
ZLWKWKHVHSKDVHV

7KH KLJKHVW DPRXQW RI FRSSHU ZDV IRXQG LQ FRPELQDWLRQ ZLWK WKH
KLJKHVWDPRXQWRIDOXPLQLXPZKLFKZDVWKH$O)H6LSKDVHIRU0*6L
W\SHVLOLFRQDQGD$O6LSKDVHIRUDOOR\$

7KHKLJKHVWDPRXQWRISKRVSKRUXVZDVIRXQGLQFRPELQDWLRQZLWKWKH
$O&D6LSKDVHZKHQ WKLVSKDVHZDVQRWSUHVHQW WKH$O&D)H6LDQG
WKH$O)H6L7LSKDVHVZHUHSUHIHUUHG

$PDVVEDODQFHZDVGRQHIRUDPHWDOOXUJLFDOJUDGHVLOLFRQZLWKDQDO\VLV
$O  ZW&D ZW)H ZWDQG7L  ZW
8VXDOO\WKHLQWHUPHWDOOLFSKDVHVFRQWDLQHGVHYHUDOKXQGUHGWLPHVPRUH
WUDFH HOHPHQWV WKDQ WKH EXON DQDO\VLV DQG LW ZDV VHHQ WKDW PRVW
HOHPHQWV ZLWK D ORZ GLVWULEXWLRQ FRHIILFLHQW ZHUH IRXQG LQ WKH
LQWHUPHWDOOLFSKDVHV7KHPDVVEDODQFH LQGLFDWHG WKDWVRPH WUDQVLWLRQ
HOHPHQWV VXFK DV QLFNHO DQG FRSSHU FRXOG GLIIXVH LQ VROLG VWDWH LQWR
WKHVLOLFRQJUDLQERXQGDULHVRUVLOLFRQPDWUL[

,WZDVQRWSRVVLEOHWRILQGDJHQHUDOH[SUHVVLRQGHVFULELQJWKHDEUDVLRQ
VWUHQJWK RI WKHPDWHULDO $ KLJKHU FRROLQJ UDWH LQFUHDVHG WKH DEUDVLRQ
VWUHQJWKEXWWKHPDWHULDOLQTXHVWLRQZDVWRRLQKRPRJHQHRXVWRREWDLQ
D YDOXH VXLWDEOH IRU WKH EXON SURSHUWLHV 7KH PLFUR KDUGQHVV RI WKH
LQWHUPHWDOOLFSKDVHVZDVPHDVXUHGDQG LWGHSHQGHGRQ WKHDPRXQWRI
FUDFNVSUHVHQWLQWKHSKDVHVEHIRUHWKHPHDVXUHPHQWVLQFHWKHFUDFNV
LQIOXHQFHGWKHOHQJWKRIWKHPHDVXUHGGLDJRQDOV$QDO\VHVIURPVHYHUDO
IUDFWLRQVRI0*6LUHYHDOHGWKDWIUDFWLRQVǍPDQGHVSHFLDOO\WKH
 ǍP IUDFWLRQ ZDV HQULFKHG LQ DOOR\LQJWUDFH HOHPHQWV 7KLV ZDV LQ
DFFRUGDQFHZLWK WKH FUDFNV WKDW GLYLGHG WKH LQWHUPHWDOOLF SKDVHV LQWR
VPDOOHUSLHFHVDQGWKXVFUHDWHGZHDN]RQHVLQWKHPDWHULDO

7KH LQLWLDO WHVW WR VHSDUDWH WKH LQWHUPHWDOOLF SKDVHV IURP WKH PDWUL[
VKRZHGSURPLVLQJUHVXOWVIRUWKHǍPDQGǍPVL]HIUDFWLRQV
IRUWKH6/RQVHSDUDWRU7KHPDJQHWLFIUDFWLRQVZHUHHQULFKHGLQDOO
DOOR\LQJ DQG WUDFH HOHPHQWV DQG LWZDV QRW SRVVLEOH WR FRQFOXGHZKDW
LQWHUPHWDOOLFSKDVHVZHUHUHVSRQVLEOHIRUWKHVHSDUDWLRQ
&RQFOXVLRQV









)XWXUHZRUN


 )XWXUHZRUN
7KHUHDUHVHYHUDOVXEMHFWVWKDWFRXOGKDYHEHHQVWXGLHGLQPRUHGHWDLO
DQGLQWKHIROORZLQJVRPHRIWKHVHZLOOEHOLVWHG

7KHUHDUHQXPHURXVHIIHFWVWKDWFDQFRQWULEXWHWRWKHVLOLFRQJUDLQVL]H
DQG D QDWXUDO VWHSZRXOG EH WR GHWHUPLQH WKH HIIHFW RI WKH LQGLYLGXDO
IDFWRUV9DULDEOHVIRUQHZFDVWLQJH[SHULPHQWVFRXOGEHDPRXQWRI6L&
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
&  'LVWULEXWLRQ RI WUDFH HOHPHQWV EHWZHHQ WKH
LQWHUPHWDOOLFSKDVHV

)LJXUH&$YHUDJHFRQWHQWSSPZRIDVHOHFWLRQRIWUDFHHOHPHQWVLQWKH
LQWHUPHWDOOLFSKDVHVRIDOOR\$3HDNVQRWVKRZQ$O=U6L7LSKDVHFRQWDLQDQG
ZW9DQG=UDQGZW%DLVIRXQGLQWKH$O)H6L7LDQGWKH$O6L%D
SKDVHVUHVSHFWLYHO\

)LJXUH&$YHUDJHFRQWHQWSSPZRIDVHOHFWLRQRIWUDFHHOHPHQWVLQWKH
LQWHUPHWDOOLFSKDVHV0*6LLQGXVWULDO3HDNQRWVKRZQ$O)H6L7LSKDVHFRQWDLQ
ZW=U
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)LJXUH&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LQWHUPHWDOOLFSKDVHV&RSSHUSODWH0*6L
)RU WKH&\EHUVWDU H[SHULPHQWV WKHFRQWHQW LQ WKH $O)H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DQDYHUDJHRIWKHREVHUYDWLRQVLQ0*6LDQG0*6L
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)LJXUH&$YHUDJHFRQWHQWSSPZRIDVHOHFWLRQRIWUDFHHOHPHQWVLQWKHLQWHUPHWDOOLF
SKDVHV&\EHUVWDU0*6L3HDNVQRWVKRZQ$O)H6L7LSKDVHFRQWDLQDQG
ZW 9&U DQG: &U96L7L SKDVH FRQWDLQ    DQGZW9&U DQG:
$O)H6L7LSKDVHFRQWDLQZW=UDQG$O)H6LSKDVHFRQWDLQZW0Q

)LJXUH & $YHUDJH FRQWHQW SSPZ RI D VHOHFWLRQ RI WUDFH HOHPHQWV LQ WKH
LQWHUPHWDOOLFSKDVHV&\EHUVWDU0*6L3HDNVQRWVKRZQ$O)H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